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ABSTRACT 

Drug Survival of Biologic Therapies for the Treatment of Psoriasis. 

 

Background: Biologic drug survival is defined as the time from initiation of biologic therapy 

to discontinuation, which can be due to ineffectiveness, adverse events or other reasons. It is 

an important measurement of overall treatment success in psoriasis and a priority in clinical 

practice. Clinical trials do not provide information about the long-term drug survival of 

biologic agents and possible covariates that may affect the drug survival. We sought to 

determine the drug survival of adalmimumab, etanercept and ustekinumab in patients with 

moderate to severe psoriasis and to elucidate covariates that influence drug survival.  

Methods: A retrospective observational study was conducted. Data was obtained from 

clinical records of 122 patients treated with biologic agents for psoriasis between 2007 and 

2016 at University Hospital Germans Trias i Pujol (Badalona, Spain). Drug survival was 

analysed using Kaplan-Meier plots and Cox regression analysis was used to estimate the 

influence of covariates. 

Results: We analyzed 172 treatment sequences, from which 83 treatments were discontinued. 

Ineffectiveness was the most common reason for drug discontinuation. The mean drug 

survival was 32.7 months (σ=29.0). The estimated 1, 2 and 3-year drug survival rates were 

highest for ustekinumab, followed by adalimumab and etanercept (72.4%, 63.4% and 56.5% 

for ADA, 67.4%, 52.9% and 49.2% for ETA, 78.3%, 64.8% and 59.1% for UST). 

Confounder corrected hazard ratio of drug discontinuation was not significantly lower for 

ustekinumab compared to adalimumab, and significantly higher for etanercept compared to 

adalimumab. Multivariate analysis showed that BMI ≥ 35 kg/m2 and previous failure of 

biologic treatment were significant negative predictors of drug survival. Female gender was 

strongly associated with drug discontinuation due to adverse events. 

Conclusion: Ustekinumab had a non-significantly better probability of drug survival 

compared to adalimumab, and etanercept had a significantly worse probability of drug 

survival compared to adalimumab (ustekinumab=adalimumab>etanercept). More variables 

may affect biologic drug survival than previously have been reported, e.g. concomitant 

NSAIDs and ACE-inhibitor use. Strategies to improve biologic drug survival should be 

further investigated.  
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ÁGRIP 

Lífheldni líftæknilyfja í meðferð við psóríasis. 

 

Inngangur: Lífheldni líftæknilyfja (e. drug survival) er skilgreint sem tíminn frá því að 

líftæknilyfjameðferð er hafin og þar til hún er stöðvuð, og getur það ýmist verið vegna 

óahrifaríkar meðferðar (e. ineffectiveness), aukaverkana eða af öðrum ástæðum. Það er 

mikilvægur mælikvarði á heildarárangur meðferðar við psóríasis og forgangsmál í klínísku 

starfi. Klínískar rannsóknir veita ekki nægar upplýsingar um lífheldni til lengri tíma, né um 

mögulegar skýribreytur (e. covariates) sem hafa áhrif á lífheldnina. Leitast var við að ákvarða 

lífheldni líftæknilyfjanna adalimumabs, etanercepts og ustekinumabs í psóríasis sjúklingum 

sem voru með sjúkdóminn á miðlungs- til alvarlegu stigi og að varpa ljósi á mögulegar 

skýribreytur sem hafa áhrif á lífheldnina. 

Aðferðarfræði: Framkvæmd var afturskyggn áhorfsrannsókn þar sem gögnum var safnað úr 

sjúkraskrám 122 sjúklinga sem meðhöndlaðir voru með líftæknilyfjum við psóríasis á 

Háskólasjúkrahúsinu Germans Trias i Pujol (Badalona, Spáni) á árunum 2007-2016. 

Lífheldni lyfjanna var ákvörðuð með Kaplan-Meier aðferð og aðhvarfsgreining (e. Cox 

regression analysis) var notuð til að leggja mat á áhrif skýribreyta. 

Niðurstöður: Við greindum 172 meðferðarraðir (e. treatment sequences), en af þeim var 83 

meðferðum hætt. Algengasta ástæða þess var ónóg virkni meðferðar. Meðal lífheldni lyfja 

voru 32,7 mánuðir (σ=29,0). Hlutfall sjúklinga sem enn var á líftæknilyfi eftir eins-, tveggja- 

og þriggja ára meðferð var metið. Hlutfallið var hæst fyrir ustekinumab, þá fyrir adalimumab 

og að lokum etanercept (72,4%, 63,4% og 56,5% fyrir ADA, 67,4%, 52,9% og 49,2% fyrir 

ETA, 78,3%, 64,8% og 59,1% fyrir UST). Eftir að leiðrétt var fyrir mögulegum skýribreytum 

var hættuhlutfall (e. hazard ratio) á stöðvun meðferðar ekki marktækt lægra fyrir ustekinumab 

miðað við adalimumab, en marktækt hærra fyrir etanercept miðað við adalimumab. Margvíð 

aðhvarfsgreining sýndi að BMI ≥35 kg/m2 og saga af fyrra meðferðarþroti (e. failure of 

treatment) hefðu marktækt neikvætt forspárgildi um stöðvun meðferðar, og algengara var að 

meðferð kvenkyns sjúklinga væri hætt vegna aukaverkana.  

Ályktanir: Ustekinumab hafði ómarktækt betri líkur á lífheldni en adalimumab, og 

etanercept hafði marktæki verri líkur á lífheldni en adalimumab. Fleiri breytur kunna að hafa 

áhrif á lífheldni líftæknilyfja en áður hefur verið talið, t.d. samhliða notkun NSAID lyfja og 

ACE-hemla. Frekari rannsóknir eru nauðsynlegar ef bæta á lífheldni líftæknilyfja. 
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1. INTRODUCTION 

1.1 Psoriasis  

1.1.1 General 

Psoriasis is a common, chronic, inflammatory skin condition frequently associated with 

systemic manifestations (Kamaria et al., 2010). The prevalence rates of psoriasis worldwide 

range from 0.6% to 4.8% (Gelfand et al., 2005). Psoriasis is associated with considerable 

morbidities and patients experience decreased QOL. The disease has many clinical 

representations and degrees of severity, currently there are no curative therapies available and 

symptoms usually recur after discontinuation of therapy (Kamaria et al., 2010; Menter et al., 

2011; Weigle & McBane, 2013). 

1.1.2 Epidemiology  

Psoriasis affects approximately 2.3% of the Spanish population, 2.6 - 3.15% of the U.S. 

population and over 125 million people worldwide. A high percentage of patients remain 

either undiagnosed or untreated (Ferrándiz et al., 2014; Johnson & Armstrong, 2013; Menter 

et al., 2011). The prevalence of psoriasis is different amongst racial groups; Caucasians are 

most often affected (Johnson & Armstrong, 2013; Menter et al., 2008, 2011). Gender 

distribution is considered equal in most reports, although women may experience earlier 

onset of the disease (Johnson & Armstrong, 2013). 

Onset of the disease most likely occurs between 15 and 30 years of age, and about 

75% have presented with symptoms of psoriasis before the age of 40 (Weigle & McBane, 

2013).  

1.1.3 Clinical Presentation 

Keratinocytes are the most prominent cell type in the epidermis of the skin (Suter et al., 

2009). Psoriasis is characterized by proliferation of these cells and impaired maturation, 

leading to epidermal thickening and disfiguration (Smith & Barker, 2006). The clinical 

phenotypes of psoriasis can appear in many forms, including plaque, inverse, guttage, 



 2 

pustular, and erythrodermic psoriasis. Plaque psoriasis is the most common type of psoriasis 

affecting 80-90% of patients (Griffiths & Barker, 2007).  

Psoriasis can be classified as either mild to moderate or moderate to severe psoriasis. 

In mild to moderate psoriasis under 5% of the BSA is affected, while in moderate to severe 

psoriasis over 5% of BSA is affected or hands, feet, face or genitals are involved. 

Classifications can however vary (Weigle & McBane, 2013). Common symptoms of 

psoriasis are pruritus, irritation, burning, sensitivity, pain and bleeding. Patients can 

experience both discomfort and psychological impact of the disease. Some patient’s 

perception of the physical and mental burden of the disease is even greater than that of cancer 

and heart diseases (Johnson & Armstrong, 2013; Menter et al., 2011). Symptoms often 

improve during the summer and exacerbate during the winter. For female patients symptoms 

can possibly improve during pregnancy (Johnson & Armstrong, 2013).   

1.1.4 Pathogenesis  

Psoriasis is an immune-mediated disease with genetic and environmental factors contributing 

to its development (Menter et al., 2008; Weigle & McBane, 2013). In this autoimmune 

disease, auto-reactive T cells attack skin-associated antigens (Murphy et al., 2012). Th1 and 

Th17 T helper cells play an important role in the pathogenesis of the disease. Th1 cells 

secrete the cytokine IFN-ϒ, and Th17 cells secrete IL-17 and IL-22 (Murphy et al., 2012; 

Sivamani et al., 2010). The maintenance of Th1 and Th17 cells is dependent on secretion of 

IL-23 (Sivamani et al., 2010). IL-22 promotes proliferation of keratinocytes and stimulates 

the production of keratinocyte-derived cytokines and chemokines. The precise role of the 

immune system in psoriasis has not been defined, it is a complex disease widely held view to 

be mediated by both the innate and adaptive immune system (Menter et al., 2011; Murphy et 

al., 2012).  

1.1.4.1 Environment 

Many environmental factors have been associated with triggering the onset of psoriasis or 

causing its exacerbation. Certain drugs, infections, withdrawal of corticosteroids, skin trauma 

and stress have been correlated with psoriasis (Fry & Baker, 2007; Johnson & Armstrong, 

2013; Menter et al., 2008). Many microorganisms affect psoriasis, the bacteria Streptococcus 

pyogenes has the strongest association to the disease. A growing list of drugs, have been 
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implicated to aggravate existing psoriasis and a few drugs to induce it for the first time (Fry 

& Baker, 2007; Kim & Del Rosso, 2010). This subject will be discussed in more detail in 

1.5.2. Variables that may affect drug survival. 

1.1.4.2 Genetics 

At least nine different loci in the human genome have been identified having susceptibility to 

psoriasis, PSORS1-9. PSORS1, also known as HLA-Cw6, is the major genetic determinant 

of psoriasis and accounts for up to 50% of genetic susceptibility to the disease (Smith & 

Barker, 2006). Psoriasis has many phenotypic variants that have proved to be genetically 

heterogeneous, at least on the level of PSORS1, and 30% of patients with psoriasis have a 

first degree relative with psoriasis (Griffiths & Barker, 2007). Psoriasis is a complex disease 

that shares several of the implicated gene loci with other autoimmune and inflammatory 

diseases, such as IBS, type 1 diabetes, MS, and atopic dermatitis (Smith & Barker, 2006). 

1.1.5 Comorbidities 

Psoriasis has been associated with much comorbidity, some being attributed to shared or 

closely linked genetic susceptibility traits, such as Crohn’s disease and ulcerative colitis. 

Crohn’s disease and ulcerative colitis have a 3.8 to 7.5 times greater incidence among 

psoriasis patients than in the general population (Menter et al., 2008). PsA is by far the most 

common comorbidity associated with psoriasis. Other comorbidities include anxiety, 

depression, type 1 diabetes, metabolic syndrome, obesity, MS, cardiovascular disease and 

some types of cancers (Griffiths & Barker, 2007; Menter et al., 2008; Smith & Barker, 2006).  

PsA has a prevalence ranging from 6% to 42% of patients with psoriasis (Weigle & 

McBane, 2013). Determination of the exact prevalence of PsA is a difficult task, resulting in 

a wide interval, partly because of the lack of a widely accepted classification or diagnostic 

criteria (Gladman et al., 2005). PsA is a sero-negative inflammatory arthritis that occurs in 

the presence of psoriasis (Griffiths & Barker, 2007). It develops at an average of 12 years 

after the onset of psoriasis (Weigle & McBane, 2013).  

Psoriasis is a chronic and incurable disease that has great psychological effect on 

patients. Not only do patients have to deal with the symptoms of the disease but also 

problems related to treatments, arthritis, and the impact of having a disfiguring and visible 
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skin disease. Psoriasis has high morbidity, with anxiety and depression affecting up to 25% 

of psoriasis patients (Smith & Barker, 2006).  

Cardiovascular diseases are more common among psoriasis patients. For patients with 

severe psoriasis, mortality is especially high, increasing at least two or threefold (Smith & 

Barker, 2006). Many factors can contribute to this fact. Patients with psoriasis are more 

frequently overweight, incidence of diabetes and hypertension is increased and at the onset of 

psoriasis patients have significantly higher very low-density lipoprotein- and high-density 

lipoprotein levels. High prevalence of depression may also lead to increased risk of 

cardiovascular disease (Menter et al., 2008). 

A recent study demonstrated a significantly higher prevalence of metabolic syndrome 

in hospitalized patients with psoriasis, compared to hospitalized patients without psoriasis. 

Metabolic syndrome is characterized by a combination of obesity, impaired glucose 

regulation, hypertriglyceridemia, reduced high-density lipoprotein level and hypertension. As 

a result of several large studies, an association between psoriasis and obesity has been found. 

The Nurses Health Study, a large prospective study containing 78,626 women and 

prospective data covering a 14 year period, indicated that obesity and weight gain are both 

strong risk factors contributing to the development of psoriasis in women (Menter et al., 

2008).  

An increased risk of a variety of malignancies might be associated with psoriasis. 

This is an area of on-going controversy that needs further research to determine the 

association (Menter et al., 2008). According to studies, an increase in cases of lymphoma and 

non-melanoma skin cancer have been reported among patients with severe psoriasis (Smith & 

Barker, 2006). Medications used to treat psoriasis, in some cases, have a known risk of 

causing lymphoma and are a confounding factor for associating malignancies to psoriasis 

(Menter et al., 2008).  

Evidence connecting psoriasis to smoking and alcohol consumption has also been 

revealed. An increased prevalence of smoking has been seen among patients with psoriasis in 

countries such as Finland, Italy, the United Kingdom, Norway and China. Increased alcohol 

consumption is also more common among patients with psoriasis. Smoking may also be a 

contributing factor in causing elevated cardiovascular risk among psoriasis patients, and 

alcohol consumption may cause an increase severity of psoriasis (Menter et al., 2008).  
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1.1.6 Diagnosis of Psoriasis 

Diagnosis of psoriasis is usually based on medical examination. Phenotype classification is 

based on descriptions and can be helpful, however phenotypes often overlap in more than one 

category (Menter et al., 2008; Weigle & McBane, 2013). 

1.1.7 Types of Psoriasis 

1.1.7.1 Plaque Psoriasis 

Plaque psoriasis (psoriasis vulgaris) is the most common form of psoriasis, affecting 

approximately 80% of psoriasis patients (Naldi & Rzany, 2009). Approximately 80% of 

patients with plaque psoriasis have mild to moderate disease and 20% have moderate to 

severe disease (Menter et al., 2011). Well-defined, erythematous plaques of varying size, 

from one cm to several cm, usually spread symmetrically over the body. They are frequently 

dry, thin, silvery-white or micaceous scale and can be very painful and pruritic. Disfiguring, 

scaling and erythematous plaques are the main characteristics of the disease and are caused 

by chronic inflammation in the skin (Menter et al., 2008). 

1.1.7.2 Inverse Psoriasis 

Inverse psoriasis is a rare type of psoriasis, occurring only in 3 - 7% of patients. In this type 

of psoriasis the lesions affect intertriginous folds, usually the groin, axillae, inframammary 

folds and genitalia. The plaques formed are thin, well-defined and erythematous with 

minimal scaling because these areas tend to be moist (Johnson & Armstrong, 2013; Menter et 

al., 2008).  

1.1.7.3 Erythrodermic Psoriasis 

Erythrodermic psoriasis can develop either from chronic plaque disease or acutely. In this 

type of psoriasis the erythema covers almost the entire BSA, with variable degrees of scaling. 

Complications like chills, hypothermia and fluid loss may occur because of changes in 

thermoregulatory properties of the skin. Fever and malaise are frequent characteristics 

(Menter et al., 2008). 
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1.1.7.4 Pustular Psoriasis 

Pustular psoriasis is an uncommon form of psoriasis characterized by white pustules or 

blisters filled with neutrophils on an erythematous background (Morrison, 2016). The 

pustules can be localized or spread. The localized form of pustular psoriasis is called 

palmoplantar pustulosis (The National Psoriasis Foundation (NPF), n.d.). In palmoplantar 

pustulosis, the pustules are found in the palms of the hands and soles of the feet, and can be 

with or without signs of plaque form of psoriasis. A more severe form of pustular psoriasis is 

the acute variety termed the Zumbusch variant. Pustules form and are accompanied by fever 

and toxicity. Characteristic lesions of psoriasis vulgaris may be found before, during or after 

an acute pustular episode (Menter et al., 2008).  

1.1.7.5 Guttage Psoriasis 

Guttage psoriasis is an uncommon form of psoriasis affecting less than 2% of psoriasis 

patients. It is more common among individuals under 30 years. An upper respiratory 

streptococcus infection often precedes guttage psoriasis by 2 - 3 weeks, especially in younger 

patients. This variant of psoriasis is characterized by 1 - 10 mm dew-drop-like papules, 

salmon-pink in colour, usually with a fine scale. The papules are primarily found on the trunk 

and proximal extremities of the body (Menter et al., 2008). 

1.2 Psoriasis Area Severity Index (PASI) 

Different methods are used to evaluate psoriasis severity. The severity is not only defined by 

the extent of BSA involved, but by the involvement of the hands, feet, facial or genital 

regions, in which case the disease may interfere significantly with the patients activity of 

daily life. It is important to take into account the impact the disease has on a patients QOL 

(Menter et al., 2008). In clinical practice dermatologists generally use the percentage of 

affected BSA or PASI to assess psoriasis severity. Other instruments include the physician’s 

global assessment (PGA), QOL instruments, and DLQI, the most frequently used instrument 

for assessing health-related quality of life in dermatology. Measurements of visible skin 

involvement, like PASI and BSA, are necessary to determine drug response in clinical trials, 

however they may not always reflect patient’s perception of the disease. Other instruments 

may be superior in evaluating psoriasis severity in a real life setting (Puig et al., 2013). There 

is no one perfect method for measuring psoriasis severity (Feldman & Krueger, 2005). 
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PASI was developed in 1978 by Fredricksson and Petterson (Langley & Ellis, 2004). 

It is a physician-rendered clinical measurement, the most frequently used clinical severity 

scale in clinical trials and a current golden standard for evaluating extensive psoriasis 

(Jacobson & Kimball, 2004; Mattei et al., 2014). Results are based on the severity and 

coverage of the psoriasis on four body areas, the head, hands, trunk and legs. For each body 

area the percentage of the area that is effected, average redness, thickness and scaliness of 

lesions are estimated for calculations. PASI score is typically calculated before, during and 

after psoriasis treatment and the results range on a scale of 0 to 72. Clinical improvement is 

measured in percentage change of PASI score, better known as delta PASI (Feldman & 

Krueger, 2005; Menter et al., 2008). Drug approval for psoriasis drugs often depends on 75% 

improvement in the baseline PASI score. It has also been established that 50% improvement 

in baseline PASI score is a clinically meaningful endpoint (Feldman & Krueger, 2005). PASI 

has limitations, it under-represents the true clinical improvement of drugs, possibly because 

the BSA is given a value on a scale of 1-6 in the PASI scoring system (Jacobson & Kimball, 

2004). Therefore the PASI is considered less sensitive in patients with lower BSA 

involvement or <10% BSA (Menter et al., 2008). 

1.3 Treatment of Psoriasis 

The objectives of psoriasis treatment are to improve skin-, nail- and joint lesions and to 

enhance patient QOL. Treatments are individualized because of different patient preferences, 

comorbidities and adverse effects of therapies (Weigle & McBane, 2013).  

First-line treatment is dependent on the severity of the disease. In recent years 

increased emphasis has been put into incorporating the lesions impact on the patients QOL 

into clinical decision-making (Menter et al., 2008). Cost is also an important factor, thus 

when treatment guidelines are established, cost-effectiveness of each treatment is considered. 

BAs are the most expensive therapeutic options for psoriasis (Cheng & Feldman, 2014). The 

National Clinical Guideline Centre recommends the use of systemic non-biologic therapy if 

the psoriasis cannot be controlled with topical treatment or if the impact on the patient’s life 

is severe. The use of BAs is recommended if the psoriasis is severe, classified as PASI ≥ 10 

and DLQI > 10, and the patient has not responded to systemic therapies such as cyclosporine, 

methotrexate, and PUVA, or if the patients has any contraindication to these therapies 

(National Clinical Guideline Centre Psoriasis, 2012).  
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Withdrawal from treatment after treatment can have a negative impact on the patient, 

and lead to decreased QOL, for both the patient and the physician, who once again faces a 

challenge of finding adequate treatment options for his patient. Drug survival is a priority 

target in clinical practice and in order to optimize psoriasis treatment strategies, studies on 

biologic drug survival in a real life setting have been conducted (Zweegers et al., 2016).  

1.3.1 Topical Treatment  

Patients with mild to moderate psoriasis, approximately 80% of patients, can often be treated 

successfully with topical therapies. Topical therapies are also commonly used in combination 

with phototherapy, systemic agents or BAs for moderate to severe disease (Menter et al., 

2011). The choice of vehicle for a topical medication can affect the efficacy, the optimal 

choice should nonetheless be a vehicle the patient is most likely to use (Menter et al., 2009a). 

Disadvantages include the time required for application, long-term maintenance is 

needed, clearance of lesions is usually incomplete, which together make adherence to topical 

regimens challenging (Menter et al., 2011).  

Topical therapies for psoriasis include corticosteroids, vitamin D analogues, 

tazarotene and calcineurin inhibitors. Less commonly used are non-medicated moisturizers, 

salicylic acid, coal tar and anthralin (Weigle & McBane, 2013).  

1.3.1.1 Corticosteroids 

Topical corticosteroids are the foundation of treatment for the majority of patients with 

psoriasis and are especially useful in treating limited disease. The mechanism of action 

involves regulation of gene transcription of multiple genes, causing anti-inflammatory, anti-

proliferative, immunosuppressive, and vasoconstrictive effects (Menter et al., 2009a).  

Corticosteroids are available in many concentrations and formulations. Their potency 

is ranked according to the Stoughton-Cornell classification system into seven classes, based 

on their ability to produce vasoconstriction. The choice of appropriate class of corticosteroid 

and vehicle depends on disease severity, the location being treated, patient’s wishes and the 

age of the patient (Menter et al., 2009a).  

For treating face, intertriginous areas, areas with thin skin, and infants, low potency 

corticosteroids should be used for a limited period of time. Mid- or high-potency 

corticosteroids are generally recommended as initial therapy for other areas. For patients with 
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more difficult psoriasis, with thick, chronic plaques, a treatment with the highest potency 

corticosteroid may be necessary (Menter et al., 2009a).  

Local cutaneous adverse effects are more common than systemic adverse effects. 

They include skin atrophy, telangiectasia, striae distensae, acne, folliculitis, purpura, irritation 

and impaired wound healing (Menter et al., 2008; Weigle & McBane, 2013). Corticosteroids 

may also exacerbate pre-existing or co-existing disease such as rosacea, perioral dermatitis, 

and tinea infections. Systematic effects may occur, especially when high-potency agents are 

used for a longer period of time on higher BSA (Weigle & McBane, 2013). The most potent 

corticosteroids should not be used for longer than 2 - 4 weeks. These adverse effects are 

uncommon but well known and include Cushing’s syndrome, osteonecrosis of the femoral 

head, cataracts, and glaucoma. A possible mechanism to prevent adverse effects is to replace 

corticosteroids with another therapy or use them in combination with another corticosteroid 

sparing agent (Menter et al., 2008). Corticosteroids are classified as pregnancy category C 

(Menter et al., 2008; U.S. Department of Health & Human Services, 2011). 

1.3.1.2 Vitamin D Analogs 

The vitamin D analogues, calcipotriene, calcipotriol and calcitriol, are available as a first-line 

topical treatment for psoriasis and are useful as corticosteroid sparing agents. They work by 

inhibiting keratinocyte proliferation and by enhancing keratinocyte differentiation. The 

vitamin D analogues have a slower onset of action compared to corticosteroids, but tend to be 

well tolerated (Menter et al., 2011).  

In a study comparing vitamin D analogues to other topical treatments, they were 

equally efficient as potent corticosteroids, and more effective than dithranol (Smith & Barker, 

2006). They are often used in combination with topical corticosteroids to enhance efficacy 

and reduce adverse effects such as atrophy (Menter et al., 2008, 2011). The combination of 

calcipotriene and betamethasone is widely used because of its synergic effect on psoriasis 

(Menter et al., 2011).  

Thirty five percent of patients experience local adverse effects such as burning, 

pruritus, edema, peeling dryness, and erythema. Systemic adverse effects are rare when using 

recommended daily dose, they include hypercalcemia and thyroid hormone suppression. 

Maximum of 100 grams of vitamin D analogues should be used per week to avoid 

hypercalcemia (Menter et al., 2009a, 2011). 
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1.3.1.3 Tazarotene 

Tazarotene is a topical retinoid. The exact mechanism of action is unknown but it is believed 

to function by stopping abnormal keratinocyte differentiation, diminishing hyper 

proliferation, and decreasing expression of inflammatory markers (Menter et al., 2009a).  

If used in combination with topical corticosteroids it produces synergistic effects and 

a longer duration of treatment benefit and remission (Menter et al., 2011). It can also 

diminish the amount of ultraviolet exposure needed for good clinical response (Menter et al., 

2009a).   

The most common side effect is irritation, which can be easily dealt with in most 

cases. It is teratogenic, in pregnancy category X, is therefore contraindicated for women of 

childbearing age (Menter et al., 2009a). 

1.3.1.4 Calcineurin Inhibitors 

The topical calcineurin inhibitors, tacrolimus and pimecrolimus, are considered first-line 

treatments for facial and flexural psoriasis because they improve symptoms with less skin 

atrophy than topical corticosteroids (Weigle & McBane, 2013). They function by blocking 

the synthesis of inflammatory cytokines that are important in the pathogenesis of psoriasis 

(Menter et al., 2009a). Tacrolimus is superior to pimecrolimus in reducing symptoms of 

psoriasis (Weigle & McBane, 2013).  

1.3.1.5 Other Topical Treatments 

Salicylic acid, a keratolytic agent, has a long history of use as a topical treatment for psoriasis 

patients (Lebwohl, 1999). Use of anthralin, another topical treatment for psoriasis, has 

declined in recent years. The main reason is because it can stain clothes and skin, and is 

therefore not a convenient treatment option. The same applies to coal tar that has been used 

for around 100 years in the treatment of psoriasis (Menter et al., 2009a).  

1.3.2 Phototherapy 

Phototherapy is an essential therapeutic option for patients with psoriasis. It is efficacious and 

cost-effective. Moderate to severe psoriasis is generally treated with phototherapy in 

combination with systemic therapies (Feldman & Krueger, 2005).  Usually a minimum BSA 
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has been used as a prerequisite to starting UV light or systemic therapy for psoriasis. These 

treatment options have been expanded for patients with limited but disabling disease (Menter 

et al., 2010).   

Various spectra of UVB and UVA wavelengths have been used to treat psoriasis. UV 

light has direct effects on Langerhans cells and indirect effects on many cytokines and 

adhesion molecules, which causes local immune-suppression. Other effects include inhibition 

of epidermal hyper proliferation and angiogenesis. BB-UVB, NB-UVB, and PUVA can 

induce apoptosis of T lymphocytes that are believed to play an important role in the 

pathogenesis of psoriasis. Adherence to the phototherapy schedule is imperative for maximal 

results (Menter et al., 2010). 

To reduce toxicity from long-term treatment with phototherapy, rotational therapy is 

often used or sequential use of systemic therapy, taking a break from treatment or using 

combination therapy (Smith & Barker, 2006). 

1.3.2.1 UVB 

Traditional BB-UVB radiation has been used for more than 75 years to treat psoriasis. It 

causes decreased proliferation of epidermal keratinocytes, causing improvement of 

symptoms. UVB is considered safe and effective (Menter et al., 2008, 2010).  

 In a study of the efficacy of BB-UVB monotherapy, results were reported to be 

resolution of psoriasis in 20 of 28 patients treated with home-based UVB therapy (Larkö & 

Swanbeck, 1979). Studies suggest that NB-UVB gives superior results and a more rapid 

clearing of symptoms compared to BB-UVB (Walters et al., 1999).  

 Adverse effects differ slightly between BB- and NB-UVB therapy. NB-UVB is 

reported to be less phototoxic in some studies, compared to BB-UVB, however lesional 

blistering have been reported after exposure (George & Ferguson, 1992; Storbeck et al., 

1993). Photocarcinogenesis is a potential adverse effect, one that has not been confirmed by 

studies (Stern & Laird, 1994). Pregnancy is not a contraindication for UVB therapy 

(Tauscher et al., 2002). 

1.3.2.2. PUVA 

PUVA is a term used for treatment with psoralens, photosensitizing compounds, and UVA 

light (320 - 400 nm). Psoralens are tricyclic furocoumarins that sensitize cells to the effects of 
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UVA light. In Europe 5-methoxypsoralen is commonly used. PUVA is available as systemic- 

or topical psoralen plus UVA, depending on whether the disease is generalized or localized 

(Krutmann & Morita, 1999; Menter et al., 2010).  

PUVA therapy is effective in most patients, between 70% and 100% of patients 

achieve clearing of lesions. Clearing is usually achieved within about 24 treatments and 

remission usually lasts between three and six months (Griffiths et al., 2000; Spuls et al., 

1997). It is possible to use maintenance regimen to prolong remission. PUVA is more 

effective than NB-UVB, although it may cause more adverse effects (Menter et al., 2010).  

 Common acute adverse effects include erythema, pruritus, xerosis, irregular 

pigmentation, and gastrointestinal symptoms. Most of these adverse effects can be managed 

by altering the psoralen dose or the UV light (Menter et al., 2010).  Long-term effects include 

photo ageing and some may develop hypertrichosis and dark macules (Henseler et al., 1981). 

 Long standing exposure to oral PUVA is associated with a dose-related increase in the 

risk of non-melanoma skin cancer (Nijsten & Stern, 2003; Stern et al., 1984). PUVA is 

associated with increased risk of developing cutaneous malignancies, particularly squamous 

cell carcinoma (SCC). It can be administered in combination with other medications or in 

rotation with other therapies to minimize the total dosage of PUVA and consequently adverse 

effects (Menter et al., 1996). Oral psoralen has been placed in pregnancy category C (Menter 

et al., 2010). 

1.3.3 Systemic Drugs  

Traditional systemic therapies continue to play an important role in the treatment of psoriasis. 

An important advantage of systemic drugs is the oral route of administration and lower cost 

compared to biologic therapy. The disadvantages are that adverse effects are common and 

can even be quite severe. The use of rotational therapy, which was developed to minimize 

total cumulative dose of the systemic agents and hence limit toxicity, has decreased since the 

occurrence of biological therapies. Appropriate monitoring of systemic drugs to minimize 

toxicity is important (Menter et al., 2009b).  

According to international guidelines, first-line systemic therapies include 

methotrexate, cyclosporine, acitretin and biologic therapies. Other agents that have less 

supporting evidence and are considered second-tier include azathioprine, fumaric acid esters, 

sulfasalazine, leflunomide, tacrolimus and thioguanine (Menter et al., 2009b). The guidelines 

are from 2009 and do not include apremilast, which was approved in 2014 for plaque 
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psoriasis (Zerilli & Ocheretyaner, 2015). The traditional systemic agents methotrexate, 

cyclosporine and acitretin, and PUVA, given that no contraindications exist, are considered 

precursors to biologic therapies in clinical practice in Catalonia (Ferrándiz et al., 2013). 

1.3.3.1 Methotrexate 

Methotrexate is the most frequently used systemic drug for psoriasis, and has been used for 

more than 50 years. Its mechanism of action is complete inhibition of dihydrofolate 

reductase, an enzyme involved in the synthesis of folate cofactors, which are necessary for 

the production of nucleic acids (Weinstein & Frost, 1971). Methotrexate is given as a single 

weekly oral dose, traditionally in doses ranging from 7.5 to 25 mg (Menter et al., 2009b). 

This low dose is sufficient to affect the immune system, causing significant inhibition of the 

proliferation of lymphoid tissue (Jeffes et al., 1995; Saporito & Menter, 2004).  

Common adverse effects include nausea, anorexia, stomatitis and fatigue. More 

concerning toxicity related to methotrexate use are myelosuppression, hepatotoxicity and 

pulmonary fibrosis (Belzunegui et al., 2001; Helliwell et al., 2008; Kremer, 2004). Hepatitis, 

reactivation of tuberculosis, and lymphoma have also been reported (MacDonald & Burden, 

2005). To minimize adverse effects, methotrexate treatment is usually initiated with low 

levels and then gradually increased to achieve efficacy. Concurrent use of low dose folic acid 

may reduce the hematologic, gastrointestinal, and hepatic adverse effects (Singh et al., 2007). 

Hepatotoxicity is a common adverse effect of methotrexate, patients with one or more risk 

factors should be monitored more extensively than other patients (Kalb et al., 2009). 

Methotrexate has been placed in pregnancy category X (Heetun et al., 2007).   

1.3.3.2 Cyclosporine 

Cyclosporine is a highly effective systemic drug that can be used when rapid action against 

psoriasis is needed, as a bridge to other therapies. It is frequently used as an 

immunosuppressive agent in organ transplant, and has been since its discovery in 1970. It 

was later proved to be effective for psoriasis (Mueller & Herrmann, 1979).   

Cyclosporine’s mechanism of action is inducing immunosuppression by inhibiting T 

cell activation. By inhibiting the enzyme calcineurin, the signal transduction pathway leading 

to the formation of multiple cytokines is blocked resulting in lower levels of cytokines such 
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as IL-2 and IFN- ϒ, who are important in T cell activation (Gottlieb et al., 1992; Prens et al., 

1995). 

 Short-term treatment with cyclosporine is preferred to long-term, because it results in 

an effective treatment with minimal toxicities in healthy patients. Dosing of 2.5 to 5 

mg/kg/day for 12 to 16 weeks leads to fast and striking improvement in up to 80 to 90% of 

psoriasis patients (Berth-Jones et al., 1997; Ellis et al., 1991).   

 Adverse effects are common while using cyclosporine. The most serious ones are 

nephrotoxicity and hypertension. Other common adverse effects include hypertrichosis, 

headache, elevation of serum triglycerides, paresthesia, musculoskeletal pain, pulmonary and 

respiratory symptoms, neurologic adverse effects e.g. tremor, asthenia, and fatigue (Lebwohl 

et al., 1998; Menter et al., 2009b). Gastro-intestinal adverse effects are common and include 

abdominal pain, nausea, vomiting, and diarrhoea (Sérlyfjaskrá, 2016). Kidney effects are 

usually reversible in short-term use of cyclosporine, however long-term use frequently leads 

to permanent scarring and loss of renal function (Zachariae et al., 1997). For safe use, regular 

monitoring of nephrotoxicity is necessary, with monthly serum creatinin levels and annual 

measurements of glomerular filtration rate (Menter et al., 2009b). Hypertension is a common 

side effect of cyclosporine, especially in elderly (Lowe et al., 1996). If hypertension is 

present, dosing adjustments can be made or the use of calcium channel blockers 

recommended (Deray et al., 1989). Contraindications include renal insufficiency, history of 

systemic malignancy, prior treatment with PUVA and uncontrolled infections. Cyclosporine 

has been placed in pregnancy category C (Lebwohl et al., 1998). Interactions with other drugs 

are common, as cyclosporine is metabolized by the cytochrome P450 system (Bar Oz et al., 

1987). 

1.3.3.3 Acitretin 

Acitretin is a retinoid, a vitamin A derivative that has been used to treat psoriasis since early 

1980s. It is considered less effective than methotrexate and cyclosporine, and has a slow 

onset of action of approximately three to six months to maximum response. The exact 

mechanism of action is not fully understood, it modulates epidermal proliferation and has 

both immune-modulatory- and anti-inflammatory effects (Menter et al., 2009b). 

Fast response may be possible in patients with pustular psoriasis, where adequate 

response has been reported in 84% patients (Ozawa et al., 1999). Acitretin monotherapy is 
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less effective than combinational therapy with other systemic agents or with phototherapy 

(Spuls et al., 2003).  

Almost all patients experience mucocutaneous adverse effects including cheilitis, 

dryness of eyes, nasal and oral mucosa, epistaxis, xerosis, brittle nails, hair loss, and burning 

or sticky skin (Murray et al., 1991). Hyperlipidemia is common, 25% to 50% of patients 

experience increase in serum triglycerides (Gottlieb et al., 2014). Transaminase elevation has 

been reported in 13% to 16% of patients (Koo et al., 1997). Acitretin has several possible 

adverse effects, which can be minimized with adequate dosing and monitoring of patients. 

Acitretin is classified as pregnancy category X and is teratogenic, which is the most serious 

safety issue regarding the drug (David et al., 1988).  

1.3.3.4 Other Systemic Drugs 

Methotrexate, cyclosporine and acitretin are the most commonly used systemic drugs for 

psoriasis. Other possibilities can come in handy when treating a multi-resistant disease or in 

case patients experience adverse effects from previous treatments (Menter et al., 2009b). 

 The FDA approved Apremilast in 2014, for the treatment of moderate to severe 

plaque psoriasis. It is a small molecular drug that works intracellular as a selective inhibitor 

of phosphodiesterase (PDE) 4 (EMA, n.d.; Zerilli & Ocheretyaner, 2015). The cost of 

apremilast treatment is significantly higher compared to other traditional systemic drug 

treatments, although less than of biologic therapies (Zerilli & Ocheretyaner, 2015). The most 

common adverse effects associated with use of apremilast are diarrhoea (15.7%), nausea 

(13.9%), respiratory tract infections, and headache (EMA, 2015b).   

 Azathioprine is an immunosuppressive drug that works by blocking purine synthesis 

(Greaves & Dawber, 1970). Efficacy is not well defined but is considered high. Onset of 

action is slow, at least six to eight weeks. Adverse effects may include liver toxicity, 

gastrointestinal symptoms and less commonly leukopenia, anemia, thrombocytompenia, and 

pancytopenia. It is classified as pregnancy category X (Menter et al., 2009b).  

 Fumiaric acid esters are frequently used in Northern Europe, but are not listed in the 

United States. Their mechanism of action is not fully understood, they appear to inhibit T 

lymphocytes (Menter et al., 2009b). Efficacy has been reported to be a mean PASI-50 and 

PASI-80 after 12 to 16 weeks of initial treatment of 120 mg daily dimethylfumarate and 

escalated to 720 mg daily (Mrowietz et al., 1998). 
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  Hydroxyurea is an effective drug for psoriasis and has been used as such for more 

than 30 years. The suggested mechanism of action is inhibition of deoxyribonucleic acid 

(DNA) replication by inhibiting synthesis of DNA (Dahl & Comaish, 1972; Layton et al., 

1989). The most severe adverse effect associated with hydroxyurea use is bone marrow 

suppression, most patients show at least mild hematologic abnormalities (Ranjan et al., 

2007). 

 Leflunomide is most frequently used for rheumatoid arthritis, but has recently been 

studied for psoriasis and PsA. Its mechanism of action is through inhibition of pyrimidine 

synthesis. Most common adverse effects are gastrointestinal irritation, elevated liver 

enzymes, leukopenia, drug eruption, headaches, increased risk of infections and 

teratogenicity (Kaltwasser et al., 2004; Prakash & Jarvis, 1999).   

 Mycophenolate mofetil is an immunosuppressive agent that can be used for psoriasis. 

It interferes with T cell proliferation and blocks synthesis of the guanine nucleotides and 

consequently affects both B and T lymphocytes (Marinari et al., 1977; Zhou et al., 2003). It is 

generally well tolerated. Most frequently occurring adverse effects have been gastrointestinal, 

hematologic, and genitourinary (Menter et al., 2009b).   

 Sulfasalazine is used off-label for psoriasis. The mechanism of action is unknown, it 

is believed to function as an anti-inflammatory agent (Gupta et al., 1990). Adverse effects 

that occur in up to 60% of patients are usually not serious (Watkinson, 1986).  

 Tacrolimus and 6-thioguanine have also been used for psoriasis, but less frequently 

(Menter et al., 2009b). 

1.3.4 Biologic Agents 

BAs are proteins that have pharmacologic activity. They can be extracted from animal tissue, 

made with chemical synthesis or produced by recombinant DNA technology (Menter et al., 

2008). A wide spectrum of organisms can be exploited to produce functional proteins ex vivo 

(Sanchez-Garcia et al., 2016).  

With better understanding of the pathogenesis of psoriasis, BAs that target specific 

immune function have emerged in recent years. They target specific molecules that are 

necessary for the formation of psoriasis plaques, and do not impact the entire immune system 

like traditional systemic drugs (Menter et al., 2011). Production of monoclonal antibodies has 

become more and more popular, with 17 of the 54 protein drugs approved in 2010-2014 

being monoclonal antibodies (Sanchez-Garcia et al., 2016). The approved BAs for psoriasis 
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are monoclonal antibodies, except ETA, which is a soluble recombinant fusion protein. The 

first approved BA for psoriasis targeted activation and migration of T cells. Later approved 

BAs targeted TNF-α (Wang et al., 2014). Recently BAs that target the p40 subunit of IL-12 

and IL-23 were approved. Both approved BAs targeting T cells, efalizumab and alefacept, 

have been withdrawn from market authorisation (Wang et al., 2014).  

The advantages to BAs are that they are potentially less toxic for the kidneys, bone 

marrow and liver, and are not teratogenic (Menter et al., 2009b). Treatment compliance is 

higher than observed with other psoriasis drugs and they improve PASI outcomes and patient 

satisfaction (Cheng & Feldman, 2014). BAs are believed to have minimal risk of drug-drug 

interactions, although few studies have been conducted to support that theory. Therapeutic 

proteins usually do not undergo metabolism or transport, however small molecular drugs can 

possibly affect BAs by immunomodulatory effects. For example methotrexate, an 

immunosuppressant drug, may reduce the clearance of BAs by reducing the amount of 

antibodies that are formed. BAs that are pro-inflammatory cytokines or cytokine modulators 

can possibly affect the regulation of cytochrome P450 enzymes and by doing so affect the 

metabolism of drugs that are substrates for these enzymes (Bascones-Martinez et al., 2014; 

Huang et al., 2010; Kenny et al., 2013).  

The disadvantages of BAs are that they are extremely costly, require repeated 

injections, loss of therapeutic effect is possible, and rebound has been reported on 

discontinuation (Kofoed et al., 2015; Menter et al., 2008). Before starting treatment with BAs 

it is necessary to detect underlying conditions by using chemical screening. Traditionally a 

liver function test is performed, complete blood cell count, hepatitis panel, and tuberculosis 

screening. BAs are contraindicated in patients with serious infections (Menter et al., 2008). 

1.4 Biologic Agents 

In June 2016, there were six available biological therapies in Europe for patients with 

moderate to severe psoriasis. They are listed in Table 1 (European Medicines Agency 

(EMA), n.d.; Fellner, 2016; National Psoriasis Foundation, n.d.). Most of them are approved 

for more than one indication of use. 
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Table 1. Summary of BAs for psoriasis. Approved BAs for psoriasis and/or PsA, their mechanism of action and 

year of EMA approval. 

Active ingredient Brand name Indication Mechanism of action EMA approval 

Adalimumab Humira® psoriasis, PsA TNF-alpha 2003 

Etanercept Enbrel® psoriasis, PsA TNF-alpha 2000 

Infliximab Remicade® psoriasis, PsA TNF-alpha 1999 

Ixekizumab Taltz® psoriasis IL-17A 2016 

Secukinumab Cosentyx® psoriasis, PsA IL-17A 2015 

Ustekinumab Stelara® psoriasis, PsA IL-12/IL-23 2009 

 

Additionally, five promising BAs are in the pipelines; brodalumab, tofacitinib, guselkumac, 

piclidenoson, and tildrakizumab (Fellner, 2016).  

No specific BA has been proofed to be more effective than others in the treatment of 

psoriasis. The choice of a BA should be based on available safety data, presence of extra-

articular manifestations, patients’ preferences and drug cost. The choice should be tailored to 

each individual and therefore it is also important to consider the age of the patient, disease 

phenotype, disease severity and impact, bodyweight, other comorbidities and contraception 

plans (D’Angel et al., 2017; National Clinical Guideline Centre Psoriasis, 2012). Catalonian 

clinical guidelines are based on these international recommendations and applied in clinical 

practice at University Hospital Germans Trias i Pujol (Ferrándiz et al., 2013). 

In a Spanish study published in 2012, the cost-efficiency of ADA, ETA, IFX and UST 

for moderate to severe psoriasis was estimated. ADA was the most cost-efficient BA, with an 

incremental cost-efficiency of 8,013 € compared to 17,981 € for UST per PASI 75 responder 

gained. UST was considered least cost-efficient (Ferrándiz et al, 2012).  

1.4.1 Adalimumab (ADA) 

FDA approved ADA (Humira®) for plaque psoriasis in 2008. The recommended dose in 

paediatric plaque psoriasis is 0.8 mg/kg, up to a maximum dose of 40 mg, administered 

subcutaneously. First two doses are administered weekly, then every other week. The initial 

recommended dose for adults is 80 mg, followed by 40 mg every other week starting one 

week after the initial dose (Abbott Laboratories, 2011).  

 ADA is a fully human IgG1 monoclonal antibody that binds to both soluble and cell-

bound TNF-α (Moore & Richardson, 2010). It neutralizes TNFs biologic function by 

blocking interactions with the cell surface receptors, p55 and p75 (EMA, 2003). 
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 ADA’s efficacy was assessed in a randomised, double blind, controlled study with 

114 patients from the age of four with severe plaque psoriasis in which topical and 

heliotherapy or phototherapy was insufficient. Patients were divided into three groups 

receiving 0.8 mg/kg ADA (up to 40 mg), 0.4 mg/kg ADA (up to 20 mg), or methotrexate 0.1-

0.4 mg/kg (up to 25 mg) weekly. Patients stopped treatment for up to 36 week, if they 

achieved PASI-75 and PGA clear, and were monitored for relapse. Patients were then 

retreated with the higher dose of ADA for additional 16 weeks. Response rates were reported 

similar to the previous double blind period, PASI-75 was achieved in 79.9% patients and 

PGA clear or minimal in 52.6% patients (EMA, 2003). 

 Special warnings apply for the use of ADA. Patients are more susceptible to serious 

infections. Cases of tuberculosis, both reactivation and new onset, have been reported. 

Hepatitis B reactivation has occurred. Rare neurological events and hematologic reactions 

have been reported. The risk of developing malignancies may be increased for children and 

adults treated with TNF antagonists. Live vaccines and concurrent administration of biologic 

DMARDs or TNF antagonists is contraindicated. The most common adverse effects include 

infections, reactions at injection site, headache and musculoskeletal pain (EMA, 2003). 

1.4.2 Etanercept (ETA) 

FDA approved ETA (Enbrel®) for plaque psoriasis in 2004. It was the first TNF-α inhibitor 

approved for psoriasis and PsA (Kivelevitch et al., 2014). ETA is administered in a 25 mg 

dose by subcutaneous injection, twice weekly or 50 mg dose administered once weekly. The 

treatment should be continued for up to 24 weeks, or longer if appropriate (EMA, 2000).  

 ETA is a dimeric, soluble fusion protein that consists of an extracellular ligand 

binding portion from the TNF receptor, linked to an Fc portion of human IgG1 (Kivelevitch 

et al., 2014). The mechanism of action for ETA is mediated through binding of TNFR, a cell 

surface receptor, causing competitive inhibition of TNF. TNF is a pro-inflammatory cytokine 

released by T cells in psoriatic lesions. ETA may also cause additional downstream of other 

molecules that are induced or regulated by TNF (EMA, 2000). 

 The efficacy of ETA was evaluated in four randomised, double blind, placebo-

controlled studies. The primary efficacy endpoint was the proportion of patients in each 

treatment group that achieved PASI-75. Different dose regiments were used, all patients who 

received ETA that were maintained through 24 weeks of therapy showed significant 
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responses relative to the placebo group. In study 4, 71% of the patients who received 50 mg 

once weekly achieved PASI-75 at week 24 (EMA, 2000). 

 Special warnings apply for the use of ETA. Patients should be evaluated for infections 

as it is immunosuppressive and cases of serious infections such as sepsis, tuberculosis, and 

opportunistic infections have been reported. Cases of hepatitis B reactivation, hepatitis C 

worsening, and of various malignancies, and rare cases of haematologic reactions and 

neurological disorders have been observed. Live vaccines should not be given concurrently 

with ETA. Most common adverse effects include reactions at injection site, infections, 

allergic reactions, development of autoantibodies, itching and fever (EMA, 2000).  

1.4.3 Infliximab (IFX) 

FDA approved IFX (Remicade®) for severe plaque psoriasis in 2006 (EMA, 1999). In 

September 2013 the first IFX biosimilar, Inflectra®, was approved by EMA (Kofoed et al., 

2015). Two types of IFX biosimilars are available in Europe, Inflectra® and Remsima® 

(Lakatos, 2016). The recommended dose for psoriasis is 5 mg/kg IFX administered as an 

intravenous infusion at weeks 0, 2 and 6, and then every 8 weeks (EMA, 1999).   

IFX is a chimeric IgG1 monoclonal antibody, 75% human and 25% murine. It binds 

to both soluble and membrane-bound TNF-α with high affinity, thereby inhibiting binding to 

the TNF receptor (Leman & Burden, 2008). Treatment results in decreased epidermal 

inflammation and normalization of keratinocyte differentiation (EMA, 1999).  

The efficacy of IFX was assessed in two multicentre, randomised, double blind 

studies. Patients in both studies had plaque psoriasis with BSA 10 or higher, and PASI score 

12 or higher. The primary endpoint was percentage of patients that achieved PASI-75 from 

baseline at week 10. In the SPIRIT study 249 patients participated and received either 3 or 5 

mg/kg IFX or placebo infusion at weeks 0, 2 and 6. Results reported that at week 10, 71.7% 

of patients in the 3 mg/kg IFX group achieved PASI-75, 87.9% in the 5 mg/kg group, and 

5.9% in the placebo group (p<0.001). Median time to disease relapse was over 20 weeks and 

no rebound was reported (EMA, 1999).   

Special warnings apply for the use of IFX. It has been associated with acute infusion 

related reactions, such as anaphylactic shock and delayed hypersensitivity reactions. Patients 

taking IFX or other TNF inhibitors are more susceptible to serious infections, including 

tuberculosis. Reactivation of hepatitis B has occurred in patients, neurological and 

hepatobiliary events have been observed as well. IFX should not be administered 
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concurrently with other biologic therapeutics, live vaccines or with anakinra. More cases of 

malignancies have been observed with patients receiving TNF-inhibitors compared with 

control patients. Very common adverse effects associated with use of IFX are upper 

respiratory tract infections (25.3%), sinusitis, headache, abdominal pain, nausea, infusion-

related reaction and pain. The list of common adverse effects is long (EMA, 1999). 

1.4.4 Ixekizumab 

FDA approved Ixekizumab (Taltz®) for the treatment of moderate to severe plaque psoriasis 

in adults that are candidates for systemic therapy in March 2016 (Fellner, 2016). Plaque 

psoriasis is the only approved indication in Europe. The recommended dose of ixekizumab is 

an initial dose of 160 mg, in two separate subcutaneous injections, at week 0. Then 80 mg at 

weeks 2, 4, 6, 8, 10, and 12, then maintenance dose every 4 weeks (EMA, 2016). 

 Ixekizumab is a fully human IgG4 monoclonal antibody that binds IL-17A with high 

affinity and specificity (EMA, 2016.; Kofoed et al., 2015). IL-17A is believed to be involved 

in the pathogenesis of psoriasis by promoting keratinocyte proliferation and activation. As a 

result erythema is reduces, as well as induration and desquamation present in lesions (EMA, 

2016). 

 Efficacy and safety was estimated in three randomized, double blind, placebo-

controlled phase III studies in adult patients with moderate to severe plaque psoriasis who 

were candidates for phototherapy or systemic therapy. UNCOVER-3, the third study, 

enrolled 1,346 patients who were randomised (1:2:2:2) to receive either placebo, or 80 mg 

ixekizumab every two or four weeks following a 160 mg initial dose, or etanercept 50 mg 

twice a week for 12 weeks. Patients on ixekizumab experienced fast onset of efficacy, with 

>50% reduction in mean PASI by week 2. By week 12, 85% of patients on ixekizumab had 

achieved PASI score <5, compared to 50% of patients for etanercept (EMA, 2016). 

 Special warnings apply for the use of ixekizumab, including increased susceptibility 

for infections and contraindications in patients with active tuberculosis. Serious 

hypersensitivity reactions, and new or exacerbation of Crohn’s disease and ulcerative colitis, 

have been reported. Ixekizumab should not be administered concurrently with live vaccines. 

The most commonly reported adverse effects are injections site reactions and upper 

respiratory tract infections (EMA, 2016).  

 Ixekizumab has not been incorporated into psoriasis treatments at University Hospital 

Germans Trias i Pujol (Bonafont Pujol, 2017).  
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1.4.5 Secukinumab (SECU) 

FDA approved SECU (Cosentyx®), the first IL-17A antagonist, for the treatment of 

moderate to severe psoriasis in adults that are candidates for systemic therapy in January 

2015 (Fala, 2016). The recommended dose is 300 mg initial dosing at weeks 0, 1, 2,3 and 4 

and a maintenance dose every 4 weeks. The 300 mg dose is given as two subcutaneous 

injections of 150 mg (EMA, 2015a). 

 SECU is a fully human IgG1κ monoclonal antibody. It selectively binds to and 

neutralizes the cytokine IL-17A (Kofoed et al., 2015). It does so by inhibiting IL-17A 

interaction with the IL-17 receptor, which is expressed in keratinocytes. Consequently, it 

reduces IL-17A-mediated contributions to autoimmune and inflammatory diseases, inhibiting 

the release of pro-inflammatory cytokines, chemokines and mediators of tissue damage 

(EMA, 2015a).  

 The safety and efficacy of SECU were assessed in four randomized, double blind, and 

placebo-controlled phase III studies. Patients that were included had moderate to severe 

plaque psoriasis and were candidates for phototherapy or systemic therapy. The efficacy and 

safety of 150 mg and 300 mg doses were evaluated compared to either placebo or ETA. Out 

of 2,403 participants in the trials, 79% were biologic-naive, 45% were non-biologic failures 

and 8% were biologic failures. SECU was effective in all subgroups, a fast onset of efficacy 

was reported by week 3 for the 300 mg dose. Reduction of mean PASI was reported 50% and 

more for a longer time course (EMA, 2015a).   

 Special warnings apply for the use of SECU. It potentially increases risk of infections. 

No reports of increased susceptibility to tuberculosis have been reported. SECU can cause 

exacerbation of Crohn’s disease. Rare cases of anaphylactic reaction have been reported. It 

should not be given concurrently with live vaccines. The most common adverse effects 

reported are upper respiratory tract infections, oral herpes and diarrhoea (EMA, 2015a). 

1.4.6 Ustekinumab (UST) 

FDA approved Ustekinumab (Stelara®) for chronic plaque psoriasis in September 2009 and 

EMA in January 2009 (Cingoz, 2009; Zaghi et al., 2012). The recommended dose for plaque 

psoriasis is 45 mg administered subcutaneously at week 0, 4, and then every 12 weeks 

thereafter. A 90 mg dose is available for patients weighing over 100 kg (EMA, 2009). 
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Ustekinumab is a fully human IgG1κ monoclonal antibody that targets p40, a subunit 

shared by IL-12 and IL-23. The interactions of IL-12 and IL-23 with the receptor IL-12Rβ1 

expressed on the surface of immune cells are therefore prevented. This leads to inhibition of 

the bioactivity of human IL-12 and IL-23, blocking signaling, differentiation and cytokine 

production that are central in mediating inflammatory diseases (Cingoz, 2009; EMA, 2009).  

The safety and efficacy of ustekinumab was assessed in two randomized, double 

blind, placebo-controlled studies of 1,996 patients with moderate to severe plaque psoriasis 

that were candidates for phototherapy or systemic therapy. The primary endpoint, percentage 

of patients that achieved PASI-75 from baseline, was estimated at week 12. In the first study, 

PHEONIX 1, 67% of patients that had received a 45 mg dose at week 0 and 4 had achieved 

PASI-75 at week 12, compared to 66% of the patients that had received a 90 mg dose at week 

0 and 4. After the first year, 89% of patients that were re-randomized to receive maintenance 

treatment every 12 weeks, were PASI-75 responders compared with 63% of patients re-

randomized to placebo (p<0.001). At year 5, 80% of patients receiving maintenance 

treatment were PASI-75 responders (EMA, 2009). 

Serious adverse events that have been reported after use of UST include allergic 

reactions such as rare cases of anaphylaxis. Patients taking UST are more susceptible to 

serious infections and need to be monitored. Shredding of skin has been reported as well. 

Other common adverse effects include diarrhoea, nausea, vomiting, feeling tired or dizzy, 

headache, pruritus, back, muscle or joint pain, sore throat and redness and pain at injection 

site (EMA, 2009). 

1.5 Drug Survival 

One cannot conclude which BA is most suitable for a given patient without understanding the 

concept of drug survival (Menter et al., 2016). Drug survival is defined as the time from 

initiation of biologic therapy to discontinuation (stopping/switching) (Menter et al., 2016). 

Drug survival reflects drug efficacy, adverse effects and patient satisfaction. It may be a more 

suitable measurement of overall treatment success than reduction of PASI score, which is 

frequently used in clinical trials. PASI may be a good measurement of the severity of 

psoriasis lesions, but may not always correlate with patient’s satisfaction with the treatment 

and their perception of the disease (Marinas et al., 2016; Reek et al., 2015). 

There are many reasons for discontinuation of biologic therapy. Drug survival is 

mainly limited by loss of efficacy over time, which is the most common reason for 
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discontinuation. Other reasons include safety, adverse effects, access, cost, convenience, 

QOL and other factors related to the patient (Menter et al., 2016). The initial treatment with a 

BA can be highly effective, however clinical response has been shown to decrease over time 

(Puig et al., 2013; Warren et al., 2015). Studies have demonstrated that the drug survival for 

UST is higher than for the TNF inhibitors, in both naive- and experienced patients (Warren et 

al., 2015). Reports on drug survival for TNF inhibitors have been variable. The differences in 

drug survival between the TNF inhibitors have been attributed to variations in molecular 

structure, mainly between chimeric and fully human monoclonal antibodies (Martin-du-Pan 

et al., 2013).  

Possible explanations for the loss of response are immunogenicity, suboptimal dosing, 

low serum drug levels, and intermittent or episodic therapy. Therapeutic proteins are 

immunogenic, even human and humanized proteins. The manufacturing process may cause 

protein modifications that promote immunogenicity and during scale-up and storage 

degradation products can form. More frequent dosing of BAs in a continuous maintenance 

therapy, and immunomodulatory therapy, such as methotrexate and azathioprine, may reduce 

the risk of anti-drug antibodies forming and improve clinical response. If different assays are 

used to measure anti-drug antibodies, the results are not comparable. To prevent 

immunogenicity, it may be better to initiate treatment with an immunomodulatory drug first, 

and then add the biologic therapy. If antibodies form before initiation of immunomodulatory 

therapy, the formation may be irreversible (Strober, 2016). Anti-drug antibodies against ADA 

have been associated with lower serum ADA concentrations, and anti-drug antibodies against 

UST have been associated with lower PASI responses and neutralization. Anti-drug 

antibodies against ETA are non-neutralizing and have not been associated with effects on 

clinical response (Hsu et al., 2014). Optimal responses with fixed doses of biologic 

treatments are less frequent in patients above normal weight, especially in patients weighing 

over 100 kg. The BAs used in the treatment of psoriasis in the European Union are fixed dose 

treatments and do not account for weight, apart from IFX. UST is also available in a higher 

dose of 90 mg for patients over 100 kg (EMA, 2009; Puig, 2011). Disruptions of biologic 

therapies, such as dose escalations, dose reductions, switches, discontinuations, and restarts 

are common. A study on the subject suggests that a high proportion of patients have dose 

escalations. The dose escalations commonly occurred shortly after initiation of biologic 

therapy, indicating inadequacy of standard dosing regimens (Feldman et al., 2015).  
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1.5.1 Studies on Drug Survival 

Drug survival is different from one BA to the other. In recent observational studies, variable 

results have been reported for the TNF inhibitors IFX, ADA and ETA, ranging from 40% to 

80% drug survival after at least one year of treatment (Bonafede et al., 2013; Esposito et al., 

2013; Gniadecki et al., 2011). These observational studies also indicated that the drug 

survival of UST is significantly longer compared to the TNF inhibitors (Cao et al., 2015; 

Gniadecki et al., 2015; Herrera-Acosta et al., 2014).  

These observations lead to the initiation of larger prospective studies on the subject. 

Analysis of drug survival from the PSOriasis Longitudal Assessment and Registry 

(PSOLAR), a large prospective international registry of patients with psoriasis in a real life 

setting, showed significantly longer time to discontinuation with UST compared to the TNF 

inhibitors, for both biologic-naive and -experienced patients (Menter et al., 2016). In another 

large prospective observational cohort study from the British Association of Dermatologists 

Biologic Interventions Register (BADBIR) the first-year survival rate for naive patients was 

89% for UST, 79% for ADA, 70% for ETA and 65% for IFX (Warren et al., 2015).  

A limited number of drug survival studies have been conducted, and so far only few 

have used prospective data from daily-practice. The results have however been consistent 

(Menter et al., 2016; Warren et al., 2015).  

1.5.2 Variables That May Affect Drug Survival  

Certain characteristics and covariates may predict discontinuation of biologic therapies. 

Studies have suggested that discontinuation of prior biologic therapies may be predictive of 

lower drug survival, the drug survival of a first-line therapy being superior to second- and 

third-line therapies (Menter et al., 2016). The results from BADBIR suggest that female 

gender, being a current smoker, higher BMI and higher dermatology life quality index are 

predictors of discontinuation (Warren et al., 2015; Zweegers et al., 2016). It also suggests that 

the presence of PsA is a predictor of drug survival (Warren et al., 2015). 

Several drugs have been associated with initiation and exacerbation of psoriasis. 

Strong causal relationship has been found with beta-blockers, lithium, synthetic antimalarial 

drugs, NSAIDs, ACE inhibitors and tetracycline antibiotics. Other drugs that have been 

reported to affect psoriasis are interferons, angiotensin receptor blockers, terbinafine, TNF-α 

and gemfibrozil (Fry & Baker, 2007; Kim & Del Rosso, 2010). Studies have revealed an 
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association with methotrexate and drug survival, methotrexate being a predictor of 

discontinuation of biologic therapy (Menter et al., 2016). Psychological interventions and 

antidepressant drugs could possibly increase drug survival by improving perceived symptom 

severity and psychological distress that psoriasis patients experience (D’Erme et al., 2014).  

Preventing discontinuation of biologic therapy for psoriasis is a major medical need 

and strategies to improve drug survival should be investigated further, including the 

association with certain drugs (Puig et al., 2013). 

1.5.3 Switching BAs 

When maintenance therapy with a BA for psoriasis becomes ineffective, possible approaches 

are to escalate the dose or switch to another BA. Dose adjustments are possible for some 

BAs, and combinational treatments with systemic or topical drugs are an option to improve or 

maintain efficacy. Guidance on switching practices for BAs are limited, it is however a 

common and accepted practice (Kerdel & Zaiac, 2015). Physicians at University Hospital 

Germans Trias i Pujol employ strategies to optimize treatments before switching therapeutic 

agents, either by changing the BA dose or dose interval, or by adding a systemic agent or 

phototherapy. 

  Switching BAs can be an inconvenience for the patient and the induction of a new 

biologic therapy can be more expensive than continuing maintenance therapy (Kerdel & 

Zaiac, 2015; Puig, 2014). Evaluation of the cost associated with biologic therapies for 

psoriasis is important for physicians to make informed decisions and to manage costs 

(Cannon et al., 2016).  

1.6 University Hospital Germans Trias i Pujol 

The Catalonian Institute of Health (cat: Institut Catalá de la Salut, ICS) manages nine 

regional offices. One regional office, the North Metropolitan, services more than 1.4 million 

people (67%) from the regions of North Barcelona, Maresme, Vallés Occidental and Vallés 

Oriental (Generalitat de Catalunya, n.d.-a). 

University Hospital Germans Trias i Pujol (Can Ruti) has been operating since the 

spring of 1983 and serves as a general hospital for a population of more than 250,000 

inhabitants in Badalona, Sant Adriá de Besós and several municipalities of Maresme, and as a 
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reference hospital for more than 800,000 habitants of North Barcelona and Maresme. In some 

specialities it is also a reference hospital for Girona (Generalitat de Catalunya, n.d.-b). 

The hospital works every day to maintain its role as a tertiary care hospital in 

Catalonia and as a research and teaching hospital. Every year the hospital trains several 

hundred students in medicine and biomedical sciences from University of Barcelona and 

ensures specialized training quality to 80 new residents (Generalitat de Catalunya, n.d.-b). 
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2. OBJECTIVES 

This observational retrospective study conducted at University Hospital Germans Trias i 

Pujol had two main objectives. The first objective was to compare the biologic drug survival 

of ADA, ETA and UST, and by that to establish which BA is most likely to persist in real life 

patients with psoriasis. ADA will be used as a reference as it is the most frequently 

prescribed BA at the hospital and a several studies have used the same method. The second 

objective was to elucidate covariates that influence drug survival. 

2.1 Research Questions 

1. Which biologic agent (ADA, ETA or UST) is associated with the best probability of long-

term drug survival? 

a) What is the hazard ratio of drug discontinuation? 

i. For ETA compared to ADA? 

ii. For UST compared to ADA? 

b) What is the probability of drug survival after one-year, two-years and three-years of 

treatment for each BA? 

 

2. Can the following covariates influence biologic drug survival?  

a) Gender? 

b) BMI? 

c) Presence of PsA? 

d) Naive- or experienced patients? 

e) Age of onset of psoriasis? 

f) Duration of disease? 

g) Current smoking? 

h) Alcohol consumption >2 drinks a day? 

i) Concomitant chronic use of methotrexate, cyclosporine, psychotropic drugs, β-

blockers, NSAIDs, lithium, ACE-inhibitors, tetracycline antibiotics or antimalarial 

drugs? 

 

3. How do the above-mentioned covariates influence the drug survival of biologic therapies?   
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3. METHODS 

3.1 Location and Study Period 

The study was performed in the Dermatology- and Pharmacy Departments at University 

Hospital Germans Trias i Pujol from January to April 2017. The hospital is located in 

Badalona, Catalonia Spain. 

3.2 Permission for the Study  

Ethics committee approval is not necessary to conduct retrospective observational studies in 

Spain. Before initiation, a short description of the study, its objectives and methods, was sent 

to the ethics board at University Hospital Germans Trias i Pujol (Appendix A). 

3.3 Patient Criteria 

Patients that initiated biologic treatment for moderate to severe psoriasis at University 

Hospital Germans Trias i Pujol between 2007 and 2016 were included. Of the patients 

remaining on biologic therapy at the time of the data cut-off, December 31st 2016, patients 

with less than six months follow up data after initiation of biologic therapy were excluded. 

Censored data was used for the patients remaining on biologic therapy at the data cut-off. No 

minimum amount of follow up data was considered necessary for patients that discontinued 

treatments. Patients were excluded from the analysis if they were <16 years old, and if 

information about their naive biologic use was unavailable. Treatment sequences with 

patients undergoing clinical trials with a BA were excluded and so were patients with 

previous history of undergoing clinical trials with a BA.     

3.4 Data Source and Extraction 

A list of patients was obtained from electronic prescription records, Silicon, which is a 

computerized physician order entry used for prescribing medication and registering 

medication administration. The list included patients from the Dermatology Department that 

initiated biologic treatments between January 1st 2009 and December 31st 2016, and consisted 

of 337 treatment sequences. A treatment sequence is a period of continuous treatment with a 
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BA, thus one patient may have several treatment sequences of different durations. Data from 

electronic clinical records, SAP, was reviewed and organized as treatments sequences in an 

Excel file. The data collection period extended from the first biologic use of each patient until 

December 31st 2016. SAP and Silicon limited the data collection period, as they are relatively 

new programs with data only reaching back to 2007. 

3.4.1 Data Collection 

For each treatment sequence the following information was extracted if available. Age, 

gender, weight, height, BMI, history of BA use, BA, duration of treatment, start and stop 

date, reason for discontinuation, PASI score at initiation of treatment (baseline), PASI score 

at week 12 and annually for five years, presence of PsA, age of onset of psoriasis, disease 

duration, current smoking, alcohol use above moderate (>2 drinks/day), chronic psychotropic 

drug use (other than lithium) and concomitant chronic use of methotrexate, cyclosporine, β-

blockers, NSAIDs, lithium, ACE-inhibitors, tetracycline antibiotics and antimalarial drugs. 

An example from the Excel database is presented in Appendix B. 

3.4.2 Principles of Data Collection 

To minimize data collection bias, the following principles were formed and applied during 

data collection. Interrupted sequences with the same BA were considered continuous if the 

treatment break was less than 90 days, which is a commonly accepted maximum interruption 

period (Zweegers et al., 2016). Reasons for discontinuation were classified into 

ineffectiveness, adverse events and other reasons.  

The interval between PASI evaluations depends on both the physician’s preferences 

as well as the patients. For this reason flexibility in the timing of PASI evaluations was 

required. For the PASI evaluation at week 12 of treatment, 30-day flexibility was applied. For 

the annual PASI evaluations, three-month flexibility was applied. If a PASI evaluation was 

described as “practically free from lesions” (es. prácticamente blanqueado) it was considered 

zero.  

Only concomitant chronic oral drug use was listed. Chronic drug use was defined as 

at least three months of concomitant use. Dosing data was not investigated.  



 31 

3.5 Statistical Analysis 

The database was created in Excel for Mac 2011 version 14.6.8. Statistical analysis was 

performed using R Statistical Software version 3.3.2 linux-gnu x86_64 (R Foundation for 

Statistical Computing, Vienna, Austria) executed in SO Debian GNU/Linux 8. A 95% 

confidence interval (CI) was used in all analysis and a p-value <0.05 was considered 

statistically significant. Biologic therapies with IFX and SECU were of limited number and 

were excluded from statistical analysis.  

3.5.1 Statistical Tests 

Statistical tests used to compare baseline variables between treatment groups were the 

logistic regression analysis for all treatment sequences. For treatment sequences with naive 

patients the Pearson's chi-squared test was used for categorical variables, and analysis of 

variance (ANOVA) or Kruskal-Wallis test for continuous variables. In the case of parametric 

distribution ANOVA was used, and in the case of non-parametric distribution Kruskal-Wallis 

test was used.  

Kaplan-Meier plots were used to examine crude survival curves. The effect of an 

intervention, biologic therapy, was assessed by measuring the number of patients remaining 

on treatment over a period of time. Time from initiation of biologic therapy to 

discontinuation was defined as the drug survival time. Censoring was performed for patients 

remaining on biologic therapies at the cut-off date, December 31st, 2016. The survival curves 

were not adjusted for covariates. 

Univariate- and multivariate Cox regression model statistics were used to estimate the 

hazard ratio of drug discontinuation and to elucidate predictors for drug survival or drug 

discontinuation. The multivariate Cox regression model was confounder corrected for several 

covariates. 
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4. RESULTS 

4.1 Descriptive Analysis 

The analysis included 172 treatment sequences (ADA n=61, ETA n=42, IFX n=7, SECU n= 

6, and UST n=56) administered in 122 patients (Table 2, Figure 1). The majority of treatment 

sequences were administered in naive biologic users, 122 (70.9%). Mean treatment duration 

was 32.7 months (σ=29.0). The longest treatment duration was 104.5 months. 

 
Table 2. Summary of treatment sequences, classified into first- to fourth biologic treatment. 

Number of treatment sequences ADA ETA IFX SECU UST Total 

Number of first biologic treatments 43 39 5 0 35 122 
Number of second biologic treatments 16 2 0 1 15 34 
Number of third biologic treatments 2 1 0 2 6 11 
Number of fourth biologic treatments 0 0 2 3 0 5 
Total number of treatment sequences 61 42 7 6 56 172 
Abbreviations: ADA, adalimumab; ETA, etanercept; IFX, infliximab; SECU, secukinumab; UST, ustekinumab. 
 

 

 
Figure 1. Summary of treatment sequences, classified into first- to fourth biologic treatment.  

Abbreviations: ADA, adalimumab; ETA, etanercept; IFX, infliximab; SECU, secukinumab; UST, ustekinumab. 

 

Descriptive statistics for all treatment sequences are presented in Table 3, with an analysis of 

the association between variables for the ADA, ETA and UST groups. The percentage of 

missing data from patient’s medical records is listed in Appendix C. 
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Table 3. Descriptive statistics for all treatment sequences, together and separately for ADA, ETA and UST.  

Characteristic Total  

(n=172) 
ADA 

(n=61;35.5%) 
ETA  

(n=42;24.4%) 
UST 

(n=56;32.6%) 
p-value 

Demographics (mean, standard deviation for continuous variables; n, % of cohort for categorical variables) 

Age (years) 46.2 (13.9) 43.5 (10.7) 45.4 (16.6) 48.6 (14.8) 0.097 

Female gender 67 (39.0%) 18 (29.5%) 18 (42.9%) 26 (46.4%) 0.055 

BMI (kg/m2) 28.8 (6.3) 29.1 (5.8) 26.4 (5.4) 29.5 (7.2) 0.389 

BMI category (kg/m2) 

Underweight <18.5 1 (0.61%) 0 (0.0%) 0 (0.0%) 1 (1.9%)  

Normal (18.5-24.9) 40 (24.4%) 14 (23.7%) 16 (42.1%) 9 (16.7%)  

Overweight (25.0-29.9) 72 (43.9%) 26 (44.1%) 16 (42.1%) 24 (44.4%)  

Obese I (30.0-34.9) 26 (15.9%) 10 (16.9%) 5 (13.2%) 9 (16.7%)  

Obese II (35.0-39.9) 18 (11.0%) 7 (11.9%) 0 (0.0%) 7 (13.0%)  

Obese III (≥40) 7 (4.3%) 2 (3.4%) 1 (2.6%) 4 (7.4%)  

Disease 

Age of onset 26.8 (14.4) 25.5 (12.2) 27.5 (17.8) 27.1 (15.0) 0.497 

Disease duration (years) 18.7 (13.1) 17.5 (11.1) 18.2 (13.2) 20.3 (15.6) 0.399 

Psoriasis arthritis 51 (29.7%) 18 (29.5%) 12 (28.6%) 15 (26.8%) 0.790 

Toxic habits 

Current smoker 59 (39.9%) 23 (42.6%) 19 (55.9%) 12 (25.0%) 0.577 

Alcohol > 2 drinks/day 13 (9.2%) 4 (7.7%) 3 (9.7%) 5 (10.6%) 0.622 

Biologic use 

Naive biologic users 122 (70.9%) 43 (70.5%) 39 (92.9%) 35 (62.5%) 0.486 

Treatment duration (months) 32.7 (29.0) 39.2 (32.6) 35.2 (31.4) 28.5 (22.7) 0.102 

PASI at intiation 12.1 (6.7) 12.9 (7.14) 11.2 (6.27) 11.9 (6.60) 0.274 

PASI at week 12 3.9 (7.2) 2.8 (4.22) 5.1 (7.49) 3.1 (3.11) 0.253 

Discontinue treatment 83 (48.3%) 33 (54.1%) 22 (52.4%) 22 (39.3%)  

Medication history 

Concomitant methotrexate 35 (20.5%) 14 (23.3%) 4 (9.5%) 14 (25.0%) 0.452 

Concomitant cyclosporine 2 (1.2%)     

Concomitant psychotropics 35 (21.6%) 12 (21.1%) 9 (23.1%) 11 (20.8%) 0.921 

Concomitant NSAIDs 36 (22.1%) 13 (22.8%) 8 (20.5%) 10 (18.5%) 0.613 

Concomitant β-blockers 13 (7.7%) 4 (6.8%) 2 (5.0%) 5 (8.9%) 0.904 

Concomitant ACE-inhibitors 27 (16.1%) 8 (13.6%) 9 (22.5%) 8 (14.3%) 0.496 

Abbreviations: ADA, adalimumab; ETA, etanercept; UST, ustekinumab. 
Test of significance used to compare variables between treatment groups was the logistic regression analysis, for 
both continuous- and categorical variables.  
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The mean age of the patients in the database was 46.2 years (σ=13.9) and the majority of 

patients (61%) were male (Figure 2). The mean BMI was 28.8 kg/m2 (σ=6.3), mean age of 

psoriasis onset was 26.8 years (σ=14.4) and mean disease duration was 18.7 years (σ=13.1). 

The ratio of patients with PsA was 29.7% (Figure 2). Current smokers were 39.9% and 9.2% 

consumed above moderate alcohol consumption (>2 drinks/day). The mean baseline PASI 

was 12.1 (σ=6.7) and the mean PASI at week 12 was 3.9 (σ=7.2). Concomitant drug use 

ranged from 0.0% for tetracycline antibiotics and lithium, to 22.1% for NSAIDs (Figure 3).  

 

 
Figure 2. Gender and PsA ratio.  

 

 
Figure 3. Treatment sequences with concomitant drug use.  
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4.1.1 Differences Between BAs (all treatment sequences) 

Comparison of patient- and disease characteristics for the ADA, ETA and UST groups is 

shown graphically in Figure 4. The ADA group had a lower percentage of female gender 

compared to the UST and ETA groups. The UST group had a lower percentage of current 

smokers compared to the ADA and ETA groups. The ETA group had a higher percentage of 

naive biologic users, compared to the ADA and UST groups. Naive biologic users accounted 

for 70.5% of patients in the ADA group, 92.9% in the ETA group and 62.5% in the UST 

group. The differences between BA groups were not statistically significant. 

 

 
Figure 4. Comparison of major characteristics between BA groups; percentage of female gender, BMI, PsA, 

current smoking, patients with high alcohol consumption and naive biologic users between the ADA, ETA and 

UST treatment sequences. Abbreviations: ADA, adalimumab; ETA, etanercept; UST, ustekinumab. 

 

The mean age and disease duration were similar in the BA groups (Figure 5). The mean 

PASI at baseline changed from a higher score to a lower score at week 12 for the ADA and 

UST groups compared to the ETA group (Figure 6).  
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Figure 5. Comparison of age, age of onset and disease duration between BA groups. Abbreviations: ADA, 

adalimumab; ETA, etanercept; UST, ustekinumab. 

 

 
Figure 6. Comparison of PASI at baseline and week 12 between BA groups. Abbreviations: ADA, adalimumab; 

ETA, etanercept; UST, ustekinumab. 

 

The percentage of treatment sequences with concomitant drug use was different between 
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Figure 7. Differences in concomitant systematic drug treatments between BA groups. Abbreviations: ADA, 

adalimumab; ETA, etanercept; UST, ustekinumab. 

 

Treatment sequences with concomitant use of β-blockers and above moderate alcohol use (>2 

drinks/day) were limited. Descriptive statistics for treatment sequences with naive patients 

are presented in Table 4, with an analysis of the association between variables for the ADA, 

ETA and UST groups.  
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4.1.2 Differences Between BAs (naive patients) 

Table 4. Descriptive statistics for naive patients and results from test of significance for first biologic 

treatments, together and separately for adalimumab, etanercept and ustekinumab.  

Characteristic Naive-users 

(n=122) 
ADA 

(n=43;35.2%) 
ETA  

(n=39;32.0%) 
UST 

(n=35;28.7%) 
p-value 

Demographics (mean, standard deviation for continuous variables; n, % of cohort for categorical variables)  

Age (years) 45.3(14.0) 43.6(11.1) 45.7(17.1) 46.1(14.2) 0.867 

Female gender 43(35.2%) 12(27.9%) 15(38.5%) 14(40.0%) 0.463 

BMI (kg/m2) 28.2(5.8) 29.1(6.2) 26.5(5.5) 28.3(5.5) 0.145 

BMI category (kg/m2) 0.203 

Underweight <18.5 1(0.8%) 0(0.0%) 0(0.0%) 1(2.9%)  

Normal (18.5-24.9) 31(26.3%) 11(26.2%) 15(41.6%) 5(17.1%)  

Overweight (25.0-29.9) 52(44.1%) 17(40.5%) 15(41.6%) 18(44.4%)  

Obese I (30.0-34.9) 19(16.1%) 8(19.1%) 5(13.9%) 5(13.9%)  

Obese II (35.0-39.9) 11(9.3%) 4(9.5%) 1(2.8%) 4(9.5%)  

Obese III (≥40) 4(3.4%) 2(5.7%) 1(2.8%) 1(2.9%)  

Disease 

Age of onset 26.4(14.1) 26.1(12.0) 28.1(17.7) 24.7(13.2) 0.969 

Disease duration (years) 18.2(12.5) 16.6(10.4) 17.6(12.5) 20.5(14.7) 0.637 

Psoriasis arthritis 32(26.2%) 14(32.6%) 11(28.2%) 6(17.1%) 0.295 

Toxic habits 

Current smoker 45(42.5%) 15(40.5%) 18(56.3%) 9(28.1%) 0.073 

Alcohol > 2 drinks/day 10(9.9%) 2(5.6%) 3(10.3%) 4(12.9%) 0.576 

Biologic use 

Treatment duration 
(months) 

37.8(30.1) 44.8(33.0) 37.1(31.7) 32.7(24.2) 0.343 

PASI at intiation 12.6(30.1) 13.3(7.1) 11.5(6.4) 12.3(6.6) 0.247 

PASI at week 12 3.8(7.9) 2.0(2.4) 5.4(7.9) 2.6(2.8) 0.055 

Discontinue treatment 59(48.4%) 23(53.4%) 19(48.7%) 13(37.1%) 0.439 

Medication history 

Concomitant methotrexate 20(16.5%) 10(55.6%) 2(11.1%) 6(33.3%) 0.064 

Concomitant psychotropic 26(22.4%) 8(20.0%) 9(24.3%) 8(23.5%) 0.889 

Concomitant NSAIDs 23(20.0%) 10(25.0%) 7(19.4%) 5(14.7%) 0.541 

Concomitant β-blockers 9(7.6%) 4(9.8%) 2(5.4%) 3(8.6%) 0.768 

Concomitant ACE-
inhibitors 

22(18.6%) 6(14.6%) 9(24.3%) 5(14.3%) 0.436 

Abbreviations: ADA, adalimumab; ETA, etanercept; UST, ustekinumab. 
Tests of significance to compare variables between treatment groups were chi-squared test for categorical 
variables, and ANOVA or Kruskal-Willis for continuous variables. 
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No significant difference was observed for any variable between the BA groups of naive 

patients. Some noticeable trends were observed. The mean BMI in the ETA group was lower 

compared to the ADA and UST groups; 26.5 kg/m2 compared to 29.1 kg/m2 and 28.3 kg/m2 

(p=0.145), respectively. The mean PASI at week 12 was higher for the ETA group compared 

to the ADA and UST groups; 5.4 compared to 2.0 and 2.63 (p=0.055), respectively. The 

mean disease duration was longer in the UST group compared to the ADA and ETA groups; 

20.5 years compared to 16.6 years and 17.6 years (p=0.637), respectively, but the UST group 

had more outliers. Concomitant use of methotrexate was less common in the ETA group of 

naive patients compared to the ADA and UST groups; 5.1% concomitant methotrexate use 

compared to 23.8% and 17.1% (p=0.064), respectively. Current smoking was less common in 

the UST group compared to the ADA and ETA groups; 28.1% current smokers compared to 

40.5% and 56.3% (p=0.073), respectively. Presence of PsA was more common in the ADA 

group especially, and the ETA group, compared to the UST group; 32.6% with presence of 

PsA, compared to 28.2% and 17.1% (p=0.295), respectively. 

4.1.2 Treatment Discontinuations 

From the 172 treatment sequences analyzed, 83 treatments were discontinued (Table 5). 

Ineffectiveness was the most common reason for discontinuation (Figure 8), accounting for 

47 discontinuations (56.6%). A limited number of treatment sequences and discontinuations 

from IFX and SECU were available in the database. Adverse events were a more commonly 

observed reason for discontinuation in the ADA compared to the UST group, accounting for 

9 (27.3%) and 4 (18.2%) discontinuations, respectively (Figure 9). The differences were not 

statistically significant. 

 
Table 5. Classification of discontinued treatments. Number of discontinued treatment sequences for each BA 

classified by adverse event, ineffectiveness and other reasons. 

Reason for 

discontinuation 

ADA ETA IFX SECU UST Total 

Adverse event 9 (27.3%) 5 (22.7%) 4 (80.0%) 1 (100.0%) 4 (18.2%) 23 (27.7%) 

Ineffectiveness 17 (51.5%) 15 (68.2%) 1 (20.0%) 0 (0.0%) 14 (63.6%) 47 (56.6%) 

Other reasons  7 (21.2%) 2 (9.1%) 0 (0.0%) 0 (0.0%) 4 (18.2%) 13 (15.7%) 

All reasons 33 (100.0%) 22 (100.0%) 5 (100.0%) 1 (100.0%) 22 (100.0%) 83 (100.0%) 

Abbreviations: ADA, adalimumab; ETA, etanercept; IFX, infliximab; SECU, secukinumab; UST, ustekinumab. 
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Figure 8. Classification of discontinued treatments. 

 

 
Figure 9. Classification of discontinued treatments by BA group, classified to adverse event, ineffectiveness and 

other reasons. Abbreviations: ADA, adalimumab; ETA, etanercept; IFX, infliximab; SECU, secukinumab; UST, 

ustekinumab. 

 

The overall mean duration of discontinued treatments was 19.5 months. The mean treatment 

duration was highest for ADA compared to ETA and UST. The mean treatment duration with 

ADA, including both naive- and experienced patients, was 25.1 months compared to 16.6 

months for ETA and 16.7 months for UST. For treatment sequences with naive patients the 

mean treatment duration with ADA was 31.2 months compared to 17.5 months for ETA and 

17.7 for UST (Figure 10). 
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Figure 10. Duration of discontinued treatments by BA group.  

4.2 Drug Survival Analysis 

Drug survival was examined using Kaplan-Meier survival plots, the crude curve for all 

treatment sequences is presented in Figure 11. With all three BAs, a progressive decrease in 

biologic drug survival rate was observed with time (Table 6). The estimated 1-year, 2-year 

and 3-year drug survival rate was highest for UST, followed by ADA and finally ETA 

(72.4%, 63.4% and 56.5% for ADA, 67.4%, 52.9% and 49.2% for ETA, 78.3%, 64.8% and 

59.1% for UST). The drug survival rate for ADA declined to 46.4% at five years and to 

42.6% for ETA. The longest treatment duration in the study was 82 months for UST, and 

104,5 months for both ADA and ETA. The hazard ratio of drug discontinuation, and possible 

predictors of drug survival were determined using a univariate Cox regression model. The 

database included 61 ADA treatment sequences (n=33 discontinued), 42 ETA sequences 

(n=22 discontinued) and 56 UST sequences (n=22 discontinued).   
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Figure 11. Drug survival curve for all biologic treatments. A Kaplan-Meier plot analysis with crude unadjusted 

data. All treatment sequences were included, both naive- and experienced patients. Notice should be taken when 

interpreting the graphs that the flat ends of the curves represent patients still receiving treatments at the time of 

data cut-off, and that the end of the curves represent the longest treatment duration (follow-up) in the database. 

Censored data was used for patients still receiving biologic therapy at the time of data cut-off. 

 

In the univariate Cox regression model the hazard ratio (HR) of drug discontinuation 

was lower for UST compared to ADA [HR 0.863, confidence interval (CI) 0.500-1.49, p-

value 0.590] and higher for ETA compared to ADA [HR 1.028, CI 0.599-1.77, p-value 

0.919]. The results were not statistically significant.  

The Kaplan-Meier drug survival curve for naive patients is presented in Figure 12. 

The hazard ratio (HR) of drug discontinuation was lower for UST compared to ADA [HR 

0.854, CI 0.429-1.70, p-value 0.654] and higher for ETA compared to ADA [HR 1.042, CI 

0.567-1.92, p-value 0.895]. The results were not statistically significant. Kaplan-Meier drug 

survival curves showing how different covariates affect the drug survival of ADA, ETA and 

UST are presented in Appendix D. 
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Figure 12. Drug survival curve for naive patients. A Kaplan-Meier plot analysis with crude unadjusted data. 

Censored data was used for patients still receiving biologic therapy at the time of data cut-off. 

 

Kaplan-Meier drug survival curves, showing separately the discontinuation due to 

adverse events and ineffectiveness, over a five-year period are presented in Figure 13. The 

hazard ratio (HR) of discontinuation due to adverse events was lower for ETA [HR 0.841, 

confidence interval (CI) 0.281-2.52, p-value 0.757] and lower for UST [HR 0.574, CI 0.175-

1.77, p-value 0.360] compared to ADA. The HR of discontinuation due to ineffectiveness 

was higher in the ETA group [HR 1.36, CI 0.681-2.73, p-value 0.382] and higher in the UST 

group [HR 1.02, CI 0.501-2.09, p-value 0.949] compared to ADA. The differences were not 

statistically significant. 
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Figure 13. Drug survival curve split for a) adverse event, b) ineffectiveness. 

 
Table 6. Estimated biologic drug survival rate (%), split for reasons of discontinuation. 

Estimated biologic drug survival  
All discontinuations 1-year 2-year 3-year 4-year 5-year 

ADA 72.4% 63.4% 56.5% 52.7% 46.4% 
ETA 67.4% 52.9% 49.2% 46.7% 42.6% 
UST 78.3% 64.8% 59.1%   
Due to adverse events      
ADA 92.4% 89.5%    
ETA 89.4%     
UST 92.9%     
Due to ineffectiveness      
ADA 82.7% 75.8% 70.6% 69.2% 67.1% 
ETA 75.4% 69.9% 59.9% 56.8%  
UST 84.7% 74.6% 67.9%   
Abbreviations: ADA, adalimumab; ETA, etanercept; UST, ustekinumab. 

 

Confounder correction of drug survival was performed by incorporating significant 

covariates into a multivariate Cox regression model. Comparison of the unadjusted hazard 

ratio (HR) of drug discontinuation and the adjusted HR, confirmed that ETA was associated 

with the worst probability of long-term drug survival. The multivariate Cox regression model 

resulted in a non-significantly lower HR for UST compared to ADA [HR 0.947, confidence 

interval (CI) 0.407-2.206, p-value 0.9000] and a significantly higher HR for ETA compared 

to ADA [HR 3.198, CI 1.219-8.393, p-value 0.0182]. ETA was associated with drug 

discontinuation due to ineffectiveness. The HR of drug discontinuation due to ineffectiveness 

was higher for ETA compared to ADA [HR 7.535, CI 1.980-28.681, p-value 0.0031]. 



 45 

4.3 Predictors for Drug Survival 

Results from the univariate Cox regression models used to identify possible predictors of 

drug survival are listed in Table 7.  

 
Table 7. Univariate Cox regression analysis.  

 Variable  Hazard ratio (HR) 95% CI P-value 

Discontinuation for any cause 

Age at baseline 1.01 0.992 1.02 0.370 
Male vs. female 0.487 0.313 0.756 0.0013* 

BMI class III vs. I+II 1.19 0.658 2.17 0.559 
BMI class IV vs. I+II 1.32 0.631 2.75 0.463 
BMI class V+VI vs. I+II 2.11 1.049 4.26 0.036* 

Naive- vs. experienced patients 0.637 0.393 1.03 0.066 
PASI at baseline 1.01 0.976 1.04 0.674 
PASI at week 12 1.02 0.999 1.05 0.063 
Psoriasis arthritis (yes vs. no) 1.41 0.892 2.22 0.141 
Concomitant methotrexate (yes vs. no) 2.03 1.24 3.32 0.0047* 

Concomitant NSAIDs (yes vs. no) 1.48 0.900 2.43 0.122 
Concomitant β-blockers (yes vs. no) 0.452 0.165 1.24 0.123 
Concomitant ACE-I (yes vs. no) 0.634 0.342 1.17 0.147 
Current smoking (yes vs. no) 0.701 0.433 1.14 0.151 
Alcohol > 2 drinks/day 0.560 0.204 1.54 0.260 
Discontinuation due to adverse event 

Male vs. female 0.283 0.118 0.679 0.0047* 

Naive- vs. experienced patients 0.433 0.183 1.02 0.056 
Psoriasis arthritis (yes vs. no) 3.38 1.48 7.75 0.0039* 

Concomitant psychotropics (yes vs. no) 0.437 0.101 1.89 0.268 
Concomitant methotrexate (yes vs. no) 1.74 0.672 4.49 0.255 
Concomitant NSAIDs (yes vs. no) 2.86 1.22 6.67 0.015* 

Concomitant ACE-I (yes vs. no) 0.411 0.0954 1.77 0.234 
Current smoking (yes vs. no) 0.33 0.110 0.99 0.048* 

Discontinuation due to ineffectiveness 

BMI class III vs. I+II 1.55 0.689 3.50 0.289 
BMI class IV vs. I+II 1.05 0.342 3.20 0.937 
BMI class V+VI vs. I+II 2.75 1.079 7.00 0.034* 

PASI at week 12 1.03 1.01 1.06 0.0087* 

Psoriasis arthritis (yes vs. no) 0.669 0.323 1.38 0.278 
Concomitant psychotropics (yes vs. no) 1.29 0.648 2.56 0.470 
Concomitant methotrexate (yes vs. no) 2.38 1.27 4.44 0.0065* 

Concomitant ACE-I (yes vs. no) 0.536 0.227 1.27 0.156 
* P-value <0.05 is shown in bold.  
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Significant negative predictors of drug survival for ADA, ETA and UST for any cause were 

female gender, BMI ≥35 kg/m2 and concomitant methotrexate use. Significant negative 

predictors of drug survival due to adverse events were female gender, presence of PsA and 

concomitant use of NSAIDs. Current smoking was a positive predictor of drug survival due 

to adverse events. Significant negative predictors of drug survival due to ineffectiveness were 

BMI ≥35 kg/m2 and concomitant methotrexate use. High PASI score at week 12 was 

associated with a small probability increase of drug discontinuation due to ineffectiveness. 

The remaining covariates evaluated (listed in Table 2) were not found to be significantly 

associated with drug survival. 

 Trends were observed in the univariate Cox regression model that were not 

statistically significant. A gradual decrease in biologic drug survival, with an increase of 

patient’s BMI was observed. Previous failure of biologic therapy was strongly associated 

with drug discontinuation both for any cause and due to ineffectiveness. Presence of PsA was 

significantly associated with drug discontinuation due to adverse events, the opposite was 

observed with PsA due to ineffectiveness. Concomitant psychotropic drug use was associated 

with drug survival due to adverse events, the opposite was observed with psychotropic drugs 

due to ineffectiveness. Current smoking was a significant positive predictor of drug survival 

due to adverse events, the opposite was observed with current smoking due to 

ineffectiveness. Concomitant NSAID use was associated with drug discontinuation due to 

adverse events. Concomitant use of ACE inhibitors was associated with drug survival. 

The covariates chosen for the multivariate Cox regression models had varying 

association between the independent variable (ADA, ETA and UST) and the dependent 

variable (drug survival), and were likely to cause systematic bias. These covariates were age, 

gender, BMI class, presence of PsA, first biologic use (naive patients), current smoking, age 

of onset of psoriasis, PASI at baseline, and concomitant use of NSAIDs and ACE inhibitors 

(Table 8). The multivariate Cox regression models were stratified for concomitant 

methotrexate use, as it violated the proportionality assumption of the Cox regression model. 
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Table 8. Multivariate Cox regression analysis. 

Variable Hazard ratio (HR) 95% CI P-value 

Discontinuation for any cause 

Age at baseline 0.971 0.937 1.007 0.1138 
Male vs. female 0.498 0.227 1.091 0.0816 
BMI class III vs. I+II 2.320 0.908 5.933 0.0788 
BMI class IV vs. I+II 3.133 0.904 10.857 0.0717 
BMI class V+VI vs. I+II 6.331 1.885 21.261 0.0028* 

Naive- vs. experienced patients 0.381 0.169 0.858 0.0197* 

Age of onset of psoriasis 1.003 0.973 1.034 0.8462 
Psoriasis arthritis (yes vs. no) 0.886 0.320 2.450 0.8156 
PASI at baseline 1.030 0.980 1.083 0.2451 
Current smoking (yes vs. no) 0.610 0.280 1.326 0.2121 
Concomitant NSAIDs (yes vs. no) 1.166 0.431 3.151 0.7622 
Concomitant ACE-I (yes vs. no) 0.832 0.282 2.451 0.7384 
Discontinuation due to adverse event 

Age at baseline 0.974 0.9006 1.053 0.506 
Male vs. female 0.424 0.00641 2.797 0.372 
BMI class III vs. I+II 1.802 0.1600 20.288 0.634 
BMI class IV vs. I+II 14.883 0.9077 244.017 0.058 
BMI class V+VI vs. I+II 23.858 0.9826 579.250 0.051 
Naive- vs. experienced patients 0.176 0.0313 0.993 0.0049* 

Age of onset of psoriasis 0.934 0.8592 1.014 0.105 
Psoriasis arthritis (yes vs. no) 0.782 0.0796 7.673 0.833 
PASI at baseline 1.082 0.9669 1.211 0.170 
Current smoking (yes vs. no) 0.317 0.0517 1.949 0.215 
Concomitant NSAIDs (yes vs. no) 3.814 0.2876 50.587 0.310 
Concomitant ACE-I (yes vs. no) 0.338 0.0247 4.614 0.416 
Discontinuation due to ineffectiveness 

Age at baseline 0.991 0.941 1.044 0.7394 
Male vs. female 1.029 0.321 3.299 0.9622 
BMI class III vs. I+II 2.871 0.763 10.808 0.1189 
BMI class IV vs. I+II 1.979 0.262 14.939 0.5083 
BMI class V+VI vs. I+II 9.682 1.799 52.096 0.0082* 

Naive- vs. experienced patients 0.248 0.0082 0.753 0.0139* 

Age of onset of psoriasis 1.000 0.958 1.044 0.9904 
Psoriasis arthritis (yes vs. no) 0.524 0.115 2.388 0.4040 
PASI at baseline 1.025 0.958 1.097 0.4661 
Current smoking (yes vs. no) 0.943 0.336 2.647 0.9108 
Concomitant NSAIDs (yes vs. no) 1.790 0.422 7.598 0.4298 
Concomitant ACE-I (yes vs. no) 0.560 0.114 2.734 0.4731 
* P-value <0,05 is shown in bold.  
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The multivariate Cox regression analysis indicated that a true relationship exist 

between the following covariates and drug survival. The hazard ratio (HR) of drug 

discontinuation increased with an increase in BMI. BMI ≥35 kg/m2 was a significant 

predictor of drug discontinuation for any cause and due to ineffectiveness. Previous failure of 

biologic treatment was a significant predictor of drug discontinuation for any cause. 

Trends were observed that were not statistically significant. Female gender was 

strongly associated with drug discontinuation due to adverse events. PsA was associated with 

drug survival for all causes in the multivariate models, unlike in the univariate model. 

Current smoking was associated with drug survival due to adverse events. Concomitant use 

of NSAIDs was associated with drug discontinuation due to adverse events. Concomitant use 

of ACE-inhibitors was associated with drug survival.  
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5. DISCUSSION 

In this retrospective observational study, the drug survival of ADA, ETA and UST for 

moderate to severe psoriasis was evaluated, and the association of covariates with drug 

survival or -discontinuation studied. A progressive decrease in biologic drug survival rate 

was observed with all three BAs. UST had a non-significantly better probability of drug 

survival compared to ADA, and ETA had a significantly worse probability of drug survival at 

University Hospital Germans Trias i Pujol (UST=ADA>ETA). Ineffectiveness was the most 

common reason for discontinuation. Significant negative predictors of drug survival were 

BMI ≥35 kg/m2 do to ineffectiveness and previous failure of biologic treatment. Female 

gender was strongly associated with drug discontinuation due to adverse events.  

5.1 Main Results and Comparison to Literature 

From the 172 treatment sequences included in the study, 83 treatments had been discontinued 

by the time of the data cut-off. Ineffectiveness was the most common reason for 

discontinuation of biologic therapies, accounting for 47 (56.6%) discontinuations, similar to 

previously conducted drug survival studies.  

Examination of the Kaplan-Meier drug survival curves revealed a constant decrease in 

the drug survival rate for all three BAs. The shapes of the curves were comparable to other 

similar studies. The overall 1-year, 2-year and 3-year drug survival rate was highest for UST 

followed by ADA, and finally ETA. Previous studies on this topic have calculated the annual 

survival rates for biologic-naive patients, unlike the present study that calculated the survival 

rates for all treatment sequences, including both naive- and experienced patients. However, 

the majority of treatment sequences in the study consisted of naive patients. The first-year 

survival rate was considerably lower in the present study, for all three BAs, compared to a 

study from the BADBIR registry. The probability of drug discontinuation due to adverse 

events was higher in the ADA group compared to ETA and UST, consistent with previous 

studies (Zweegers et al., 2016). The differences in drug survival between the BAs were not 

statistically significant in the univariate model. 

The differences in biologic drug survival persisted after confounder correction for 

covariates that were likely to cause systematic bias and stratifying for concomitant 

methotrexate use. The hazard ratio (HR) of drug discontinuation was significantly higher for 

ETA [HR 3.198, confidence interval (CI) 1.219-8.393, p-value 0.0182], and not significantly 
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lower for UST [HR 0.947, CI 0.407-2.206, p-value 0.9000], and ETA was associated with 

drug discontinuation due to ineffectiveness.  

The difference in the hazard ratio (HR) of drug discontinuation between ADA, ETA 

and UST is more apparent in similar studies from larger registries, compared to the present 

study. The HR of drug discontinuation was calculated from the BADBIR registry and showed 

that the HR was significantly higher for ETA compared to ADA [HR 1.63, CI 1.5-1.84] and 

significantly lower for UST compared to ADA [HR 0.48, CI 0.37-0.62] (Warren et al., 2015). 

Another study, which used the PSOLAR registry for the calculations, showed that the HR 

was higher for ADA compared to UST [HR 4.164, CI 1.476-5.044, p-value <0.001] and 

higher for ETA compared to UST [HR 4.911, CI 3.282-7.348, p-value <0.001] (Menter et al., 

2016).  

The present study was single centered and included only 172 treatment sequences, 

which resulted in low statistical power. The small sample size and systematic bias in the 

study population, which was not possible to adjust for in the multivariate analysis, may 

explain the relatively small difference in drug survival between the three BAs compared to 

other studies. The two covariates, above moderate alcohol use and concomitant use of β-

blockers, were only reported on few occasions and could not be included in the multivariate 

analysis, which may have affected the results. Alcohol consumption above moderate was 

more common in the UST group compared to the ADA and ETA groups, and may have had 

affected the results of this study. The effects of other unmeasured covariates cannot be ruled 

out. Another important consideration is that UST use at University Hospital Germans Trias i 

Pujol was restricted during the majority of the study period because of it’s higher cost 

compared to the TNF inhibitors (Ferrándiz et al, 2012). University Hospital Germans Trias i 

Pujol only recently began to use UST as a first choice of biologic therapy, which explains 

why the UST group contained more patients with short duration of biologic therapy 

compared to the ADA and ETA groups. The shorter duration of UST therapies overall may 

have affected the observed lack of difference in the Kaplan-Meier curves and the hazard ratio 

of biologic drug discontinuation in the Cox regression models. The models are more 

representative of real life treatment curves for ADA, ETA and UST the first years because 

they contain less censored data. 

The present study demonstrates that drug survival may be a more suitable 

measurement of overall treatment success than reduction in PASI score, which is in 

agreement with previously conducted studies on the subject. Reduction in PASI score 

measures the observed changes in psoriasis lesions, which is important in demonstrating the 
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effectiveness of a BA in clinical trials. Drug survival analysis additionally incorporates 

important factors leading to discontinuation of biologic therapies e.g. high PsA activity, 

lesions in apparent areas such as the face or genital regions, patient’s perception of the 

disease, pregnancy, adverse events, inconvenience and other patient related reasons, and can 

therefore be more useful for physicians at treating real-life patients. 

The covariates included in the multivariate Cox regression models were universal 

confounding factors, and variables with varying association between the dependent and 

independent variables. They included age, gender, BMI class, presence of PsA, first biologic 

use (naive patients), current smoking, age of onset of psoriasis, PASI at baseline, and 

concomitant use of NSAIDs and ACE inhibitors. To our surprise, the variable age of onset 

had a great impact on the results. Without adjusting for age of onset, the difference in the 

hazard ratio of discontinuation was much smaller for ETA compared to ADA, and the overall 

results were not statistically significant. Above moderate alcohol use and concomitant use of 

β-blockers were excluded from the multivariate models because of co-linearity problems, and 

concomitant use of psychoactive drugs was not included in the multivariate models because 

its use was similar in the BA groups. PASI at week 12 was not included in the multivariate 

model because it is a consequence of the treatment, not a predictor.  

Significant negative predictors of drug survival were BMI ≥35 kg/m2 due to 

ineffectiveness, previous failure of biologic therapy for any cause, and female gender was 

strongly associated with drug discontinuation due to adverse events, which is in agreement 

with previously studies on this subject.  

Several interesting non-significant trends were observed in the study. First, PsA was 

associated with drug survival in the multivariate model. Second, a higher PASI score at week 

12 was associated with a small increase in the probability of drug discontinuation in the 

univariate model. These associations have been reported in several studies. Third, current 

smoking was a positive predictor of drug survival due to adverse events in the multivariate 

models. This association has not been reported before, rather the opposite. This may be due 

to small sample size or the high percentage of smokers in Spain (World Health Organization, 

2016). In the univariate models, both concomitant psychotropic drug use and current smoking 

decreased the probability of drug discontinuation due to adverse events. Cigarettes contain 

psychoactive substances, thus both psychotropic drugs and cigarettes may have an effect on 

how patient perceive biologic therapies. If patients took psychoactive drugs they may have 

experienced less psychological distress and adverse events from the treatments, compared to 

patients that did not take psychoactive drugs. The fourth interesting non-significant trend that 
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was observed was the concomitant use of NSAIDs, which was associated with drug 

discontinuation due to adverse events, and fifth, the concomitant use of ACE inhibitors which 

was associated with drug survival in the multivariate models. To our knowledge, these results 

have not been reported before. Studies with more statistical power are needed to confirm 

these associations. 

5.2 The Study Population 

The patients included in the study were descriptive of a population with psoriasis. The BMI 

was higher than in the normal population, with a mean of 28.8 kg/m2, and the prevalence of 

PsA was 29.7%. Obesity and PsA are well-known comorbidities in psoriasis, other 

comorbidities were not listed. Similar baseline patient characteristics have been reported in 

previously conducted drug survival studies. Gender distribution in psoriasis is considered 

equal, however the present study included a higher percentage of male gender (61%). A 

higher percentage of male gender was reported in BADBIR, BioCAPTURE and DERMBIO 

registries as well. Current smokers were 39.9% of treatment sequences and 9.2% consumed 

above moderate alcohol consumption.  

Some observed differences between the BA groups can be explained. Lower BMI in 

the ETA group, compared to the ADA and UST groups, can partially be explained by the 

preferential usage of IFX and UST in obese patients due to clinical experience with adjusted 

dosing (dose per kilogram). Presence of PsA was less common in the UST group compared 

to the ADA and ETA groups, consistent with previous studies from the BADBIR, 

BioCAPTURE and DERMBIO registries, and international guidelines that preferentially 

recommend TNF inhibitors for patients with PsA. Lower percentage of naive biologic users 

in the UST group compared to the ADA and ETA groups is a probable explanation for the 

higher age and disease duration in the UST group. The mean PASI score was lower at 

baseline but higher at week 12 for the ETA group, compared to the ADA and UST groups. 

These changes in PASI score from baseline to week 12, or rather lack of change for ETA, 

may indicate that ETA is less effective than ADA and UST. A higher PASI score for ETA at 

week 12 was also observed in a study from the DERMBIO registry. However, a small change 

in PASI score is not always clinically relevant, it depends on the affected body area and BSA 

involvement. Concomitant use of methotrexate was less common in the ETA group and may 

explain the higher mean PASI score at week 12. Methotrexate can be used from before 

initiation of biologic therapy or it can be added later in hope of preventing discontinuation 
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from biologic therapies. As methotrexate was only used from initiation of biologic therapy on 

two occasions, it is not a probable explanation for the higher observed mean PASI score at 

week 12 for ETA. Concomitant use of methotrexate may have been less common in the ETA 

group, compared to the ADA and UST groups, because antidrug antibodies formed against 

ETA are non-neutralizing. Adding methotrexate to ETA treatment may therefore be less 

beneficial compared to adding it to ADA and UST treatments. Concomitant use of ACE-

inhibitors was more common in the ETA group compared to the ADA and UST groups. No 

pharmacological explanation was found for the difference and we were not able to compare 

these results to other similar studies. 

Missing data from the clinical records was minor, except for PASI evaluations. The 

PASI evaluations did not impact the results of the study, thus we do not expect the missing 

data to influence the results. Information about patients smoking and alcohol habits can 

however be hard to obtain and may have been underestimated in the database. This is true for 

all retrospective drug survival studies. 

5.3 Strengths  

The aim of this study was to demonstrate which BA is associated with the best long-term 

drug survival for psoriasis at University Hospital Germans Trias i Pujol, and how covariates 

may affect drug survival. This aim was achieved and the results can be used to aid future 

psoriasis treatments at the hospital. This analysis may also contribute to the development of a 

predictive model for biologic treatment in psoriasis. 

The major strengths of this study are that it includes real life patients and it was 

conducted outside the realms of clinical trials. The study included covariates that have not 

been studied with the objective of examining their association with drug survival. It included 

an analysis of concomitant use of β-blockers, ACE-inhibitors, NSAIDs and psychotropic 

drugs that have been associated with initiation and exacerbation of psoriasis and may change 

the treatment course with a BA. The results indicate that concomitant use of NSAIDs, ACE-

inhibitors and psychotropic drugs may affect drug survival. A limited number of treatment 

sequences with concomitant drug use were available in the database, nonetheless the study 

included sufficient numbers of treatment sequences to indicate what effects these drugs have 

on drug survival, and whether more studies should be conducted on this subject.  
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5.4 Limitations 

The present study had several limitations. It was retrospective, thus considerable amount of 

information about patients was missing from clinical records or not properly filed. 

Retrospective data is not as reliable as the use of prospective data, where the information to 

be gathered is predetermined and should be available for all patients, and human error in data 

collection and data collection bias may have occurred.  

The study did not include enough treatment sequences with IFX and SECU to 

estimate their drug survival, and several covariates were not listed frequently enough to 

analyze their association to drug survival with good statistical power.  

Only patients from University Hospital Germans Trias i Pujol were included in the 

study which limited the number of patients. Electronic clinical records (SAP) and electronic 

prescription records (Silicon) are relatively new programs, reaching as far back as to 2007 in 

best-case scenario, which further limited the study period and number of treatment 

sequences. The study period was not long enough to estimate the drug survival, with 

sufficient statistical power, for more than three to five years. As the study period was too 

short, it was not possible to estimate the median drug survival. 

To increase the number of patients included in the study the minimum follow-up time 

was set as low as to six months, therefore the Kaplan-Meier analysis contained more 

treatment sequences with short durations. The majority of patients had plaque psoriasis but 

patients with other types of psoriasis were also included. Most studies on drug survival only 

include patients with plaque psoriasis, a more uniform group of patients. The reasons for 

using all types of psoriasis in the study were several. Diagnosis was not clearly documented 

in the clinical records for all patients, the types of psoriasis can overlap, and more patients 

would be included in the analysis.  

 It was necessary to limit the information gathered for each patient. Information that 

may have improved the analysis and was either disregarded or not available in the clinical 

records included dose and dosing interval, comorbidities other than PsA, first and second-

degree relatives with psoriasis, and other possible drugs that could affect the drug survival. 

The presence of other unmeasured covariates cannot be ruled out. Dose and dosing interval is 

not believed to have affected the results of the study as both dermatologists at University 

Hospital Germans Trias i Pujol employed strategies to optimize treatments before 

discontinuing biologic therapy.  
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The present study did not take into account the severity of PsA and its response to 

treatment, which may represent a confounding effect. If a biologic therapy was discontinued 

because the symptoms of PsA were severe, despite the psoriasis lesions being almost- or non-

existent, the reason was listed as ineffectiveness. This could have been avoided by adding 

another category in reasons of discontinuation. Reasons for discontinuation were also not 

always clearly listed in SAP and may have affected the classification. 

Information about chronic medications was retrieved from patient medical history and 

from the Catalonian Institute of Health (ICS). Not all community pharmacies are a part of 

ICS, thus if patients picked up prescriptions from pharmacies outside of ICS, the information 

was not available to use in the study. Information about over the counter drugs used by 

patients was unavailable in most cases. The missing information we could not account for 

may have impacted the predictors of drug survival analysis. 

No treatment sequence with concomitant antimalarial drug use or tetracycline 

antibiotic use was listed in the database, and several other covariates were not frequently 

listed, and could not be used to predict drug survival.  

Our results did not include an analysis of predictors of drug survival split for BAs like 

Zweegers et al. (2016). 

5.4 Next Steps 

Three important disadvantages of this study were that the study design was retrospective, it 

included few treatment sequences, and the study period was relatively short. Similar studies 

have demonstrated with more statistical significance that the drug survival of UST is superior 

to the TNF inhibitors, and that gender, BMI, first time biologic use, PsA and methotrexate 

use are important predictors of biologic drug survival. Large prospective studies are 

necessary to confirm the results of this study and to explore the association of concomitant 

use of NSAIDs, ACE inhibitors, psychotropic drugs, antimalarial drugs, tetracycline 

antibiotics and possibly other covariates with drug survival. To analyze the association of 

infrequently used drugs such as lithium, antimalarial drugs and tetracycline antibiotics, 

studies must be large-scale to contain sufficient numbers of patients taking these drugs.   
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6. CONCLUSION 

We demonstrated that the BAs ADA, ETA and UST used in clinical practice at University 

Hospital Germans Trias i Pujol have a good overall survival rate in psoriasis patients, with a 

progressive decrease in biologic drug survival rate over time. Ineffectiveness was the main 

reason for drug discontinuation. After adjusting for covariates, UST had the lowest 

confounder corrected risk of drug discontinuation, followed by ADA and finally ETA. BMI 

≥35 kg/m2 was a predictor of drug discontinuation due to ineffectiveness and first time 

biologic use was a predictor of drug survival for all causes. Female gender was associated 

with drug discontinuation due to adverse events. Concomitant use of NSAIDs, psychotropic 

drugs, and ACE-inhibitors may alter the drug survival of ADA, ETA and UST, and the 

possible association should be studied further. The results were consistent with comparable 

studies and can aid physicians in choosing the most suitable long-term treatment for psoriasis 

patients. 
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Covariates Affecting the Drug Survival of Biologic Agents Used in 

the Treatment of Psoriasis 

 A retrospective observational study at University Hospital Germans Trias i Pujol 

 

INTRODUCTION 

With better understanding of the pathogenesis of psoriasis, biologic therapies that target 

specific immune function have emerged in recent years (Menter et al., 2011). Biologic agents 

(BAs) have revolutionized the treatment of moderate to severe psoriasis and despite high cost 

are considered cost-effective for patients that have not responded to systemic therapies such 

as cyclosporine, methotrexate, and PUVA, and for patients that have contraindications to 

these therapies (Cheng & Feldman, 2014; National Clinical Guideline Centre Psoriasis, 

2012).  

To conclude which biologic agent is most suitable for a given patient in the long-term, 

it underlines the need to understand drug survival (Menter et al., 2016). Drug survival is 

defined as the time from initiation of biologic therapy to discontinuation (stopping/switching) 

of therapies. The initial treatment with a BA can be highly effective, however clinical 

response has been shown to decrease over time (Puig et al., 2013; Warren et al., 2015). There 

are many reasons for discontinuation, lack of effectiveness is the most common one. Other 

reasons are safety, adverse effects, cost, convenience, quality of life, access and other factors 

relating to the patient (Menter et al., 2016). Drug survival is a priority target in clinical 

practice and in order to optimize psoriasis treatment strategies in clinical practice, a few 

studies of drug survival in a real-life setting have been conducted (Zweegers et al., 2016).  

Drug survival is different from one BA to the other. In recent observational studies 

variable results have been reported for the TNF-inhibitors infliximab, adalimumab and 

etenercept, ranging from 40% to 80% drug survival after at least 1 year of treatment 

(Bonafede et al., 2013; Esposito et al., 2013; Gniadecki et al., 2011).  Small observational 

studies have indicated that treatment with ustekinumab has significantly longer drug survival 

than that of the TNF-inhibitors (Cao et al., 2015; Gniadecki et al., 2015; Herrera-Acosta et 

al., 2014). Analysis of drug survival from the PSOriasis Longitudal Assessment and Registry 

(PSOLAR), a large prospective international registry of patients with psoriasis in a real life 

setting, showed significantly longer time to discontinuation with ustekinumab compared to 

the TNF-inhibitors, both for biologic-naive and -experienced patients (Menter et al., 2016). In 

a large prospective observational cohort study from the British Association of Dermatologists 
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Biologic Interventions Register (BADBIR) the first-year survival rate for naive patients on 

ustekinumab was 89%, for adalimumab 79%, for etanercept 70% and for infliximab 65% 

(Warren et al., 2015). 

Certain characteristics and covariates can possibly predict discontinuation of biologic 

therapies. Studies have suggested that discontinuation of prior biologic therapies may be 

predictive of lower drug survival, the drug survival of a first-line therapy being superior to 

second- and third-line therapies (Menter et al., 2016). The results from BADBIR suggest that 

female gender, being a current smoker, higher BMI and a higher dermatology life quality 

index are predictors of discontinuation (Warren et al., 2015; Zweegers et al., 2016). It also 

suggests that the presence of psoriatic arthritis is a predictor for drug survival (Warren et al., 

2015). 

Several drugs have been associated with initiation, exacerbation and aggravation of 

psoriasis. Strong causal relationship has been found with beta-blockers, lithium, synthetic 

antimalarial drugs, nonsteroidal anti-inflammatory drugs (NSAIDs) and tetracycline 

antibiotics (Kim & Del Rosso, 2010). Studies have indicated that concomitant use of 

methotrexate is a predictor of discontinuation of biologic therapy, whether an association 

exists to the other drugs listed before has not been established (Menter et al., 2016). 

Switching biologic therapies is not only an inconvenience for the patient, the 

induction of a new biologic therapy is expensive and can place a burden on healthcare 

systems. Preventing discontinuation of a biologic therapy for psoriasis is a major medical 

need and strategies to improve drug survival should be investigated further (Puig, 2014). This 

study is conducted outside the realms of clinical trials and can hopefully aid clinical decision-

making. 

 

OBJECTIVES 

The primary end point is to determine the drug survival of adalimumab, etanercept and 

ustekinumab in a real life setting. The secondary end point is to analyze covariates that affect 

the drug survival of the different BAs, including an analysis of the effect of chronic 

treatments used by patients. The cost of switching biologic therapies will be calculated to 

estimate the burden it has on the healthcare system. Statistical analysis will be made using 

SPSS version. 
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METHODS 

A retrospective observational study of patients with moderate to severe psoriasis treated with 

biologic agents (BAs) conducted at University Hospital Germans Trias i Pujol (Badalona, 

Spain).  

The participants in the study are patients at University Hospital Germans Trias i Pujol 

that initiated biologic treatments in the period, from January 1st 2009 to December 31st 2016, 

only patients with information about their first biologic use (naive patients) were included. 

The following clinical data will be obtained from electronic clinical records (SAP) and 

electronic prescription records (Silicon): age, gender, BMI (weight and height), history of BA 

use, duration of BA treatments, reason for discontinuation and PASI score before and during 

treatment. Information about psychotropic drug use and concomitant use of methotrexate, 

cyclosporine, beta-blockers, NSAIDs, lithium, Angiotensin Converting Enzyme inhibitors 

(ACE-I), tetracycline and antimalarial drugs will be obtained. The presence of psoriasis 

arthritis (PsA), age of onset of psoriasis, current smoking status and alcohol consumption 

over 2 drinks a day will be recorded as well.  
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9.2 Appendix B - Study Database Example 

An example from the Excel database of treatment sequences included in the study. 
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9.3 Appendix C - Missing Data Percentage 

Missing data for the treatment sequences that formed the Excel database used in the study. 

 

Characteristic Complete data Available data % missing data 

Weight 172 167 2,9% 

Height 172 164 4,7% 

BMI 172 164 4,7% 

PASI 680 553 18,7% 

Age of onset 172 148 14,0% 

Duration of disease 172 148 14,0% 

Psychotropic drugs 172 162 5,8% 

Methotrexate  172 171 0,6% 

Cyclosporine 172 171 0,6% 

β blockers 172 168 2,3% 

NSAIDs 172 163 5,2% 

Lithium 172 168 2,3% 

Tetracycline 172 169 1,7% 

ACE inhibitors 172 168 2,3% 

Antimalarial 172 169 1,7% 

Alcohol 172 142 17,4% 

Smoking 172 148 14,0% 
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9.4 Appendix D - Drug Survival Curves by Covariates 

The Kaplan-Meier drug survival curves demonstrating the effects covariates have on the drug 

survival of the biologic therapies, ADA, ETA and UST, used in the treatment of psoriasis. 

 

a) Drug discontinuation for any cause, covariate: gender. 

b) Drug discontinuation for any cause, covariate: BMI class. 

c) Drug discontinuation for any cause, covariate: naive- or experienced patients. 

d) Drug discontinuation for any cause, covariate: concomitant methotrexate. 

e) Drug discontinuation for any cause, covariate: concomitant ACE-inhibitors. 

f) Drug discontinuation due to adverse event, covariate: gender. 

g) Drug discontinuation due to adverse event, covariate: concomitant psychotropics. 

h) Drug discontinuation due to adverse event, covariate: concomitant NSAIDs. 

i) Drug discontinuation due to adverse event, covariate: concomitant ACE-inhibitors. 

j) Drug discontinuation due to adverse event, covariate: current smoking. 

k) Drug discontinuation due to ineffectiveness, covariate: BMI class. 

l) Drug discontinuation due to ineffectiveness, covariate: naive- or experienced patients. 

m) Drug discontinuation due to ineffectiveness, covariate: psoriasis arthritis. 

n) Drug discontinuation due to ineffectiveness, covariate: concomitant methotrexate. 

o) Drug discontinuation due to ineffectiveness, covariate: concomitant ACE-inhibitors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 J 

a) 

 

 
b)  

 
 



 K 

c) 

 
d) 

 
 



 L 

e)  

 
 

f) 

 
 



 M 

g) 

 
 

h)  

 



 N 

i) 

 
 

j) 

 
 



 O 

k)  

 
 

l)  

 
 



 P 

m) 

 
n) 

 
 

 



 Q 

o) 

 


	ABSTRACT
	ÁGRIP
	LIST OF ABBREVIATIONS
	1. INTRODUCTION
	1.1 Psoriasis
	1.1.1 General
	1.1.2 Epidemiology
	1.1.3 Clinical Presentation
	1.1.4 Pathogenesis
	1.1.4.1 Environment
	1.1.4.2 Genetics

	1.1.5 Comorbidities
	1.1.6 Diagnosis of Psoriasis
	1.1.7 Types of Psoriasis
	1.1.7.1 Plaque Psoriasis
	1.1.7.2 Inverse Psoriasis
	1.1.7.3 Erythrodermic Psoriasis
	1.1.7.4 Pustular Psoriasis
	1.1.7.5 Guttage Psoriasis


	1.2 Psoriasis Area Severity Index (PASI)
	1.3 Treatment of Psoriasis
	1.3.1 Topical Treatment
	1.3.1.1 Corticosteroids
	1.3.1.2 Vitamin D Analogs
	1.3.1.3 Tazarotene
	1.3.1.4 Calcineurin Inhibitors
	1.3.1.5 Other Topical Treatments

	1.3.2 Phototherapy
	1.3.2.1 UVB
	1.3.2.2. PUVA

	1.3.3 Systemic Drugs
	1.3.3.1 Methotrexate
	1.3.3.2 Cyclosporine
	1.3.3.3 Acitretin
	1.3.3.4 Other Systemic Drugs

	1.3.4 Biologic Agents

	1.4 Biologic Agents
	1.4.1 Adalimumab (ADA)
	1.4.2 Etanercept (ETA)
	1.4.3 Infliximab (IFX)
	1.4.4 Ixekizumab
	1.4.5 Secukinumab (SECU)
	1.4.6 Ustekinumab (UST)

	1.5 Drug Survival
	1.5.1 Studies on Drug Survival
	1.5.2 Variables That May Affect Drug Survival
	1.5.3 Switching BAs

	1.6 University Hospital Germans Trias i Pujol

	2. OBJECTIVES
	2.1 Research Questions

	3. METHODS
	3.1 Location and Study Period
	3.2 Permission for the Study
	3.3 Patient Criteria
	3.4 Data Source and Extraction
	3.4.1 Data Collection
	3.4.2 Principles of Data Collection

	3.5 Statistical Analysis
	3.5.1 Statistical Tests


	4. RESULTS
	4.1 Descriptive Analysis
	4.1.1 Differences Between BAs (all treatment sequences)
	4.1.2 Differences Between BAs (naive patients)
	4.1.2 Treatment Discontinuations

	4.2 Drug Survival Analysis
	4.3 Predictors for Drug Survival

	5. DISCUSSION
	5.1 Main Results and Comparison to Literature
	5.2 The Study Population
	5.3 Strengths
	5.4 Limitations
	5.4 Next Steps

	6. CONCLUSION
	7. ACKNOWLEDGEMENTS
	8. REFERENCES
	9. APPENDICES
	9.1 Appendix A - Summary for Ethics Committee
	9.2 Appendix B - Study Database Example
	9.3 Appendix C - Missing Data Percentage
	9.4 Appendix D - Drug Survival Curves by Covariates



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 5 to page 5
     Mask co-ordinates: Left bottom (266.28 31.40) Right top (314.43 71.69) points
      

        
     0
     266.2827 31.4008 314.4297 71.6871 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     5
     96
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (276.11 29.44) Right top (337.03 59.90) points
      

        
     0
     276.1086 29.4356 337.0294 59.896 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     5
     96
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 3 to page 3
     Mask co-ordinates: Left bottom (265.30 32.38) Right top (317.38 64.81) points
      

        
     0
     265.3001 32.3834 317.3775 64.8089 
            
                
         3
         SubDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     5
     96
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 2 to page 2
     Mask co-ordinates: Left bottom (282.99 36.31) Right top (348.82 75.62) points
      

        
     0
     282.9868 36.3138 348.8205 75.6175 
            
                
         2
         SubDoc
         2
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     5
     96
     1
     1
      

   1
  

 HistoryList_V1
 qi2base



